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ABSTRACT 

Six f i r ings  of the Rocketdyne J -2  rocke t  engine (S/N J -2036-1)  were  
conducted dur ing tes t  per iod  J4-1g01-12  on October  8, 1968, in Tes t  
Cell  J -4  of the L a r g e  Rocket  Fac i l i ty .  This  t es t ing  was in suppor t  of 
the J -2  engine appl ica t ion  on the Saturn IB vehic le .  The p r i m a r y  ob jec-  
t ive of this  t e s t  pe r iod  was to evaluate  engine s t a r t  t r a n s i e n t s  with the 
engine or f f iced  for  an upra ted  th rus t  l eve l  of 240,000 lbf  at a 5.5 m ix -  
tu re  r a t io .  The engine was or f f iced  for  p e r f o r m a n c e  s ign i f i can t ly  in 
excess  of the t a rge t  l eve l ,  and in fact  for  a value which could not be 
a t ta ined  without exceeding safe ope ra t ion  l i m i t s .  However ,  engine 
s t a r t  t r a n s i e n t s  were  s a t i s f a c t o r y  with the p rope l l an t  u t i l i za t ion  va lve  
in the open posi t ion.  The total  accumula ted  f i r ing  dura t ion  for  the s ix  
f i r i ngs  was 63.9 sec.  

This d o c ~ b j e c t  to special ex~r.~p~ntrols and 
each t~smittal "~o foreign j~q~ments o~ foreign 
r ~ t ~ ~ o n l j ~ a ~  prior approval o f ~ , ,  
M ~ !  Space m i ~ t ~ t e r  (I-S-J), H~ts~lle, Alab~-~ 

812. 
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SECTION I 
INTRODUCTION 

Tes t ing  of the Rocketdyne J -2  rocke t  engine using an S-IVB ba t t l e sh ip  
s tage has been in p r o g r e s s  s ince  July ,  1966, at AEDC in suppor t  of the 
J -2  engine appl ica t ion  on the Saturn IB and Saturn V launch  veh ic l e s  fo r  
the NASA Apollo P r o g r a m .  The s ix  f i r ings  r e p o r t e d  h e r e i n  were  con- 
ducted dur ing t e s t  per iod  J4-1901-12 on October  8, 1968, in P ropu l s ion  
Engine  Tes t  Cell .(J-4) (Figs .  1 and 2, Appendix I) of the La rge  Rocket  
Fac i l i t y  (LRF). 

The m a i n  objec t ive  of these  f i r ings  was to evaluate  engine s t a r t  
t r a n s i e n t s  at s imula ted  al t i tude condi t ions  with the engine or f f iced  to 
produce an upra ted  th rus t  l eve l  of 240,000 lbf  at a mix tu re  r a t i o  of 5 .5 
( ra ted  t h ru s t  fo r  this  engine is 230,000 lbf  at a m ix tu r e  r a t i o  of 5.5) .  
The f i r ings  were  conducted at p r e s s u r e  s l t i tudes  ranging  f r o m  86,000 to 
100,000 ft (geomet r i c  p r e s s u r e  a l t i tude,  Z, Ref. 1) at engine s t a r t .  
Engine components  were  condit ioned to expected S-IB t e m p e r a t u r e s  at 
engine s t a r t .  Data col lec ted  to accompl i sh  the t e s t  ob jec t ives  a re  p r e -  
sented  here in .  The r e s u l t s  of the p rev ious  t e s t  per iod  a re  p re sen ted  in 
Ref. 2. 

SECTION II 
APPARATUS 

2.1 TEST ARTICLE 

The tes t  a r t i c l e  was a J-2 rocke t  engine (Fig. 3) des igned and deve l -  
oped by Rocketdyne Divis ion  of Nor th  A m e r i c a n  Rockwell  Corpora t ion .  
The engine uses  l iquid  oxygen and l iquid  hydrogen  as p rope l l an t s  and has  
a t h ru s t  r a t ing  of 230,000 lbf  at an o x i d i z e r - t o - f u e l  mix tu re  r a t i o  of 5 .5 .  
The engine,  as r e ce ived  at AEDC, was des igna ted  S/N J -2036-1 ,  s ign i fy-  
ing that  it is a rebu i l t  engine.  In rebui ld ing,  modi f i ca t ions  were  p e r -  
f o rmed  to conf igure  the engine iden t ica l ly  with engine S/N J-2072 and 
subsequent  engines .  An S-IVB ba t t l e sh ip  s tage was used to supply p ro -  
pe l lan ts  to the engine.  A s chema t i c  of the ba t t l e sh ip  s tage is p r e sen t ed  
in Fig.  4. 

L i s t i ngs  of m a j o r  engine components  and engine o r i f i ce s  fo r  this  
t es t  pe r iod  a re  p r e sen t ed  in Tables  I and II, r e s p e c t i v e l y  (Appendix ID. 
All engine modi f i ca t ions  and component  r e p l a c e m e n t s  p e r f o r m e d  s ince  
the p rev ious  t e s t  per iod  a re  p r e sen t ed  in Tables  HI and IV, r e s p e c t i v e l y .  
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2.1.1 J-2 Rocket Engine 

The J -2  rocke t  engine (Figs .  3 and 5, Ref. 3) f e a t u r e s  the fol lowing 
maj  or components :  

1. T h r u s t  Chamber  - The t ubu l a r -wa l l ed ,  b e l l - s h a p e d  t h r u s t  
c h a m b e r  cons i s t s  of an 1 8 . 6 - i n . - d i a m  combus t ion  c h a m b e r  
(8.0 in. long f rom the in j ec to r  mount ing  to the th roa t  inlet)  
with a c h a r a c t e r i s t i c  l eng th  (L-~) of 24.6 i n . ,  a 170.4-in.  2 
th roa t  a rea ,  and a d ive rgen t  nozz le  with an expans ion  r a t io  of 
27.1 .  T h r u s t  chambe r  length  ( f rom the i n j ec to r  f lange to the 
nozzle  exit) is  107 in. Cooling is  accompl i shed  by the c i r c u -  
l a t ion  of engine fuel flow downward f r o m  the fuel man i fo ld  
th rough  180 tubes and then upward th rough  360 tubes  to the 
in jec to r .  

2. T h r u s t  C h a m b e r  In jec to r  - The in j ec to r  is  a c o n c e n t r i c -  
o r i f i ced  (concen t r i c  f u e l  o r i f i c e s  around the ox id ize r  pos t  
o r i f i ces ) ,  p o r o u s - f a c e d  in jec to r .  Fuel  and ox id ize r  i n j ec to r  
o r i f i ce  a r e a s  a r e  25.0 and 16.0 in. 2 r e s p e c t i v e l y .  The 
porous  m a t e r i a l ,  f o rming  the i n j ec to r  face ,  a l lows approx i -  
m a t e l y  3 .5  pe rcen t  of total  fuel  flow to t r a n s p i r a t i o n  cool the 
face of the in jec to r .  

3. Augmented Spark Ign i te r  - The augmented  spa rk  i g n i t e r  unit  
is mounted on the t h r u s t  c h a m b e r  i n j ec to r  and suppl ies  the 
in i t i a l  ene rgy  source  to igni te  p rope l l an t s  in the m a i n  com-  
bus t ion  chamber .  The augmented  s p a r k  ign i t e r  c h a m b e r  
is  an i n t eg ra l  par t  of the t h r u s t  c h a m b e r  in jec to r .  Fue l  and 
ox id ize r  a r e  igni ted  in the combus t ion  a r e a  by two spa rk  
plugs.  

4. Fue l  Turbopump - The turbopump is  composed  of a two- s t age  
t u r b i n e - s t a t o r  a s s e m b l y ,  an inducer ,  and a s e v e n - s t a g e  ax ia l -  
flow pump. The pump is se l f  l u b r i c a t e d  and nomina l ly  p ro -  
duces ,  at r a t ed  condi t ions ,  a head r i s e  of 38,215 ft (1248 psia)  
of l iquid  hydrogen  at a flow ra t e  of 8585 gpm for  a r o t o r  speed 
of 27, 265 rpm.  

5. Oxid ize r  Turbopump - The tu rbopump is composed  of a two-  
s tage  t u r b i n e - s t a t o r  a s s e m b l y  and a s i n g l e - s t a g e  cen t r i fuga l  
pump. The pump is se l f  l u b r i c a t e d  and nomina l ly  p roduces ,  
at r a t e d  condi t ions ,  a head r i s e  of 2170 ft (1107 psia)  of l iquid  
oxygen at a flow r a t e  of 2965 gpm for  a r o t o r  speed  of 8688 rpm.  

6. Gas G e n e r a t o r  - The gas  g e n e r a t o r  c o n s i s t s  of a combus t ion  
c h a m b e r  conta ining two s p a r k  plugs,  a pneuma t i ca l l y  opera ted  
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cont ro l  va lve  conta ining ox id i ze r  and fuel  poppets ,  and an 
i n j ec to r  a s s e m b l y .  The ox id ize r  and fuel  poppets provide  
a fuel  l e ad  to the gas  g e n e r a t o r  combus t ion  chambe r .  The 
high e n e r g y  ga se s  produced by the gas  g e n e r a t o r  a r e  
d i r e c t e d  to the fuel  tu rb ine  and then to the ox id ize r  tu rb ine  
( through the tu rb ine  c r o s s o v e r  duct) before  being exhaus ted  
into the t h r u s t  c h a m b e r  at an a r e a  r a t i o  (A/A t ) of app rox i -  
m a t e l y  11. 

7. P r o p e l l a n t  Ut i l i za t ion  Valve - The m o t o r - d r i v e n  p rope l l an t  
u t i l i za t ion  va lve  is  mounted  on the ox id i ze r  tu rbopump and 
b y p a s s e s  l iqu id  oxygen f r o m  the d i s c h a r g e  to the in le t  s ide  
of the pump to v a r y  engine m i x t u r e  ra t io .  

8. P r o p e l l a n t  B~eed Valves  - The p n e u m a t i c a l l y  ope ra t ed  fuel  
and ox id ize r  b leed va lves  provide  p r e s s u r e  r e l i e f  fo r  the 
boiloff of p rope l l an t s  t r apped  be tween  the ba t t l e sh ip  s t age  
p r e v a l v e s  and m a i n  p rope l l an t  va lves  at engine  shutdown. 

9. In t eg ra l  Hydrogen  S ta r t  Tank and He l ium Tank - The i n t e g r a l  
t anks  cons i s t  of a 7258-in.  3 s p h e r e  for  hydrogen  with a 
1000-in. 3 s p h e r e  for  he l ium loca t ed  wi thin  it. P r e s s u r i z e d  
gaseous  hyd rogen  in the s t a r t  tank p rov ides  the in i t i a l  e n e r g y  
sou rce  fo r  sp inning  the p rope l l an t  tu rbopumps  dur ing  engine  
s t a r t .  The  he l ium tank p rov ides  a he l ium p r e s s u r e  supply  
to the engine pneumat ic  con t ro l  s y s t e m .  

10. Ox id ize r  Turb ine  Bypass  Valve - The p n e u m a t i c a l l y  ac tua ted  
ox id ize r  t u rb ine  bypass  va lve  p rov ides  cont ro l  of the fuel  
t u rb ine  exhaus t  g a s e s  d i r e c t e d  to the ox id i ze r  tu rb ine  in o r d e r  
to cont ro l  the o x i d i z e r - t o - f u e l  tu rb ine  spinup r e l a t i o n s h i p .  
The fuel  tu rb ine  exhaus t  ga se s  which b y p a s s  the ox id i ze r  
t u rb ine  a r e  d i s c h a r g e d  into the t h r u s t  chambe r .  

11. Main Ox id ize r  Valve - The m a i n  ox id i ze r  va lve  is  a pneu-  
m a t i c a l / y  ac tuated,  t w o - s t a g e ,  b u t t e r f l y - t y p e  va lve  loca ted  
in the ox id ize r  high p r e s s u r e  duct be tween  the tu rbopump 
and the m a i n  in j ec to r .  The f i r s t - s t a g e  ac tua to r  pos i t ions  
the m a i n  ox id i ze r  valve  at the 14-deg pos i t ion  to obtain in i t i a l  
t h r u s t  c h a m b e r  ignit ion;  the s e c o n d - s t a g e  ac tua to r  r a m p s  the 
m a i n  ox id i ze r  va lve  ful l  open to a c c e l e r a t e  the  engine  to m a i n -  
s tage  opera t ion .  

12. Main Fue l  Valve - The m a i n  fuel  va lve  is  a p n e u m a t i c a l l y  
ac tua ted  b u t t e r f l y - t y p e  valve  loca ted  in the  fuel  h igh p r e s s u r e  
duct be tween the tu rbopump and the fuel  mani fo ld .  
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13. Pneuma t i c  Contro l  Package  - The pneumat ic  cont ro l  package 
con t ro l s  all  pneumat i ca l ly  opera ted  engine va lves  and purges .  

14. E l e c t r i c a l  Contro l  Assembly  - The e l e c t r i c a l  con t ro l  a s s e m b l y  
provides  the e l e c t r i c a l  logic  r e q u i r e d  for  p rope r  sequencing  of 
engine components  during opera t ion .  

15. P r i m a r y  and Auxi l i a ry  F l igh t  I n s t rumen ta t i on  Packages  - The 
i n s t r u m e n t a t i o n  packages  conta in  s e n s o r s  r e q u i r e d  to m o n i t o r  
c r i t i c a l  engine p a r a m e t e r s .  The packages  provide  env i ron -  
men ta l  con t ro l  for  the s e n s o r s .  

2.1.2 S.IVB Battleship Stage 

The S-IVB ba t t l e sh ip  s tage is app rox ima te ly  22 ft in d i a m e t e r  and 
49 ft long and has  a m a x i m u m  prope l l an t  capaci ty  of 46,000 lb of l iquid  
hydrogen  and 199, 000 lb of l iquid oxygen. The prope l lan t  tanks ,  fuel  
above oxid izer ,  a r e  s e p a r a t e d  by a common bulkhead.  P rope l l an t  
p r eva lves ,  in the low p r e s s u r e  ducts (ex te rna l  to the tanks)  i n t e r f ac ing  
the s tage and the engine,  r e t a i n  p rope l l an t  in the s tage  unti l  being 
admi t ted  into the engine to the ma in  p rope l l an t  va lves  and s e r v e  as 
e m e r g e n c y  engine shutoff va lves .  P rope l l an t  r e c i r c u l a t i o n  pumps in 
both fuel  and oxid izer  tanks a re  u t i l ized  to c i r cu l a t e  p rope l l an t s  th rough  
the low p r e s s u r e  ducts and turbopumps  before  engine s t a r t  to s t ab i l i ze  
ha rdware  t e m p e r a t u r e s  n e a r  n o r m a l  opera t ing  l eve l s  and to p reven t  
p rope l l an t  t e m p e r a t u r e  s t r a t i f i ca t ion .  Vent and r e l i e f  valve  s y s t e m s  a r e  
provided  fo r  both p rope l lan t  tanks .  

P r e s s u r i z a t i o n  of the fuel and ox id ize r  tanks  was accompl i shed  by 
fac i l i t y  s y s t e m s  us ing hydrogen  and he l ium,  r e s p e c t i v e l y ,  as the p r e s -  
su r i z ing  gases .  The eng ine - supp l i ed  gaseous  hydrogen  fo r  fuel  tank 
p r e s s u r i z a t i o n  dur ing S-IVB fl ight  was rou ted  to the f ac i l i t y  vent ing 
sys t em.  

2.2 TEST CELL 

Tes t  Cell  J - 4 ,  Fig. 2, is a v e r t i c a l l y  o r i en ted  t e s t  unit  des igned 
for  s ta t i c  t es t ing  of l i q u i d - p r o p e l l a n t  rocke t  engines and p ropu l s ion  s y s -  
t ems  at p r e s s u r e  a l t i tudes  of 100,000 ft. The bas ic  cel l  cons t ruc t i on  
provides  a 1 . 5 - m i l l i o n - l b f - t h r u s t  capaci ty .  The cel l  cons i s t s  of four  
m a j o r  components  (1) t es t  capsule ,  48 ft in d i a m e t e r  and 82 ft in height ,  
s i tua ted  at g rade  l eve l  and containing the t es t  a r t i c l e ;  (2) s p r a y  chamber ,  
100 ft in d i a m e t e r  and 250 ft in depth, loca ted  d i r e c t l y  benea th  the t e s t  
capsule  to provide  exhaust  gas cooling and dehumidi f ica t ion ;  (3) coolant  
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water ,  s t e am,  n i t rogen  (gaseous and l iquid),  hydrogen  4gaseous and 
l iquid),  and l iquid  oxygen and gaseous  he l ium s to rage  and d e l i v e r y  s y s -  
t ems  fo r  opera t ion  of the cel l  and t e s t  article~ and 44) cor~trol building,  
containing t e s t  a r t i c l e  con t ro l s ,  t e s t  cel l  con t ro l s ,  and data  acquis i t ion  
equipment .  Exhaus t  m a c h i n e r y  is connected with the sp r ay  c h a m b e r  and 
ma in t a in s  a m i n i m u m  tes t  cel l  p r e s s u r e  before  and a f te r  the engine f i r -  
ing and exhaus ts  the products  of combus t ion  f r o m  the engine f i r ing .  
Before  a f i r ing ,  the f ac i l i t y  s t eam e j ec to r ,  in s e r i e s  with the exhaust  
m a c h i n e r y ,  p rov ides  a p r e s s u r e  al t i tude of 100,000 ft in the t es t  cap-  
sule.  A de ta i led  desc r ip t i on  of the t e s t  cel l  is  p r e sen t ed  in Ref. 4. 

The ba t t l esh ip  s tage and the J -2  engine were  o r ien ted  v e r t i c a l l y  
downward on the cen te r l i ne  of the d i f f u s e r - s t e a m  e j e c t o r  a s s emb ly .  
This  a s s e m b l y  cons i s t ed  of a d i f fuser  duct (20 ft in d i a m e t e r  by 150 ft 
in length) ,  a cen te rbody  s t eam e j ec to r  within the d i f fuser  duct, a dif-  
f u s e r  i n s e r t  413.5 ft in d i a m e t e r  by 30 ft in length) at the in le t  to the 
d i f fuse r  duct, and a gaseous  n i t rogen  annu la r  e j e c to r  above the d i f fuser  
i n se r t .  The d i f fuse r  i n s e r t  was provided for  dynamic  p r e s s u r e  r e c o v e r y  
of the engine exhaust  gases  and to ma in t a in  engine ambien t  p r e s s u r e  a l t i -  
tude 4attained by the s t e am e jec tor )  during the engine f i r ing .  The annu la r  
e j e c t o r  was provided  to suppres s  s t eam r e c i r c u l a t i o n  into the t es t  cap-  
sule during, s t e am e j ec to r  shutdown. The t e s t  cel l  was a lso  equipped 
with 41) a gaseous  n i t rogen  purge s y s t e m  for  cont inuously  ine r t ing  the 
n o r m a l  a i r  i n - l eakage  of the cell;  (2) a gaseous  n i t rogen  r e p r e s s u r i z a -  
t ion s y s t e m  for  r a i s i n g  t e s t  cell  p r e s s u r e ,  a f t e r  engine cutoff, to a l eve l  
equal  to s p r a y  chamber  p r e s s u r e  and fo r  rap id  e m e r g e n c y  ine r t ing  of 
the capsule;  and 43) a sp r ay  c h a m b e r  l iquid n i t rogen  supply and d i s t r i bu -  
t ion mani fo ld  fo r  in i t i a l ly  ine r t ing  the s p r a y  chamber  and exhaust  duct-  
ing and fo r  i n c r e a s i n g  the m o l e c u l a r  weight of the h y d r o g e n - r i c h  exhaust  
products .  

An engine comporient condi t ioning s y s t e m  was provided  fo r  t e m p e r a -  
tu re  condi t ioning engine components .  The condit ioning s y s t e m  u t i l i zed  
a l iquid h y d r o g e n - h e l i u m  heat  exchanger  to provide  cold he l ium gas for  
component  condit ioning.  Engine components  r e q u i r i n g  t e m p e r a t u r e  
condit ioning were  the t h ru s t  chamber ,  c r o s s o v e r  duct, and ma in  ox id ize r  
valve  s econd- s t age  ac tua to r .  Hel ium was rou ted  i n t e r n a l l y  through the 
c r o s s o v e r  duct and t ubu l a r -wa l l ed  t h rus t  chamber .  Main ox id ize r  va lve  
condit ioning was achieved by opening the p r eva lves  and pe rmi t t i ng  pro-  
pe l lan ts  into the engine.  
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2.3 INSTRUMENTATION 

In s t rumen ta t i on  s y s t e m s  were  provided to m e a s u r e  engine,  s tage ,  
and fac i l i t y  p a r a m e t e r s .  The engine i n s t r u m e n t a t i o n  was c o m p r i s e d  of 
(1) f l ight  i n s t r u m e n t a t i o n  for  the m e a s u r e m e n t  of c r i t i c a l  engine p a r a m -  
e t e r s  and (2) f ac i l i t y  i n s t r u m e n t a t i o n  which was provided to ve r i fy  the 
f l ight  i n s t r u m e n t a t i o n  and to m e a s u r e  addi t ional  engine p a r a m e t e r s .  The 
f l ight  i n s t r u m e n t a t i o n  was provided and ca l ib ra t ed  by the engine manu-  
f ac tu re r ;  f ac i l i t y  i n s t r u m e n t a t i o n  was in i t i a l ly  ca l ib ra t ed  and pe r iod ica l ly  
r e c a l i b r a t e d  at AEDC. Appendix III contains  a l i s t  of all  m e a s u r e d  t e s t  
p a r a m e t e r s  and the loca t ions  of s e l ec t ed  sens ing  points .  

P r e s s u r e  m e a s u r e m e n t s  were  made  using s t r a i n - g a g e - t y p e  p r e s s u r e  
t r a n s d u c e r s  and a capac i t ance - type  Photocon e t r a n s d u c e r .  T e m p e r a t u r e  
m e a s u r e m e n t s  were  made  using r e s i s t a n c e  t e m p e r a t u r e  t r a n s d u c e r s  and 
the rmocoup les .  Oxidizer  and fuel tu rbopump shaft  speeds  were  sensed  by 
magne t ic  pickup. Fuel  and ox id ize r  flow r a t e s  of the engine were  m e a s -  
u red  by t u rb ine - type  f l owmete r s  which a re  an in t eg ra l  par t  of the engine.  
The prope l lan t  r e c i r c u l a t i o n  flow r a t e s  were  a l so  mon i to r ed  with t u rb ine -  
type f lowrneters .  Vibra t ions  were  m e a s u r e d  by a c c e l e r o m e t e r s  mounted 
on the ox id ize r  i n j ec to r  dome and on the turbopumps .  P r i m a r y  engine 
and stage va lves  were  i n s t rumen ted  with l i n e a r  po t en t i ome te r s  and l i m i t  
swi tches .  

The data  acquis i t ion  s y s t e m s  were  ca l ib ra t ed  by (1) p r e c i s i o n  e l ec -  
t r i c a l  shunt r e s i s t a n c e  subs t i tu t ion  fo r  the p r e s s u r e  t r a n s d u c e r s  and 
r e s i s t a n c e  t e m p e r a t u r e  t r a n s d u c e r  units;  (2) vol tage subs t i tu t ion  for  the 
the rmocoup les ;  (3) f r equency  subs t i tu t ion  for  shaft  speeds and flow- 
m e t e r s ;  and (4) f r equency -vo l t age  subs t i tu t ion  fo r  a c c e l e r o m e t e r s  and 
Photocon unit. 

The types  of data acquis i t ion  and r e c o r d i n g  s y s t e m s  used during this  
t es t  pe r iod  were  (1) a mul t ip l e - inpu t  digi ta l  data acquis i t ion  s y s t e m  
(Microsad ic  e) scanning  each p a r a m e t e r  at 40 s amp le s  per  second and 
r e c o r d i n g  on magne t i c  tape; (2) s ing le - input ,  c o n t i n u o u s - r e c o r d i n g  FM 
s y s t e m s  r e c o r d i n g  on magne t ic  tape; (3) pho tograph ica l ly  r e c o r d i n g  
g a l v a n o m e t e r  osc i l log raphs ;  (4) d i r ec t - i nk ing ,  nu l l -ba l ance  p o t e n t i o m e t e r -  
type X-Y p lo t t e r s  and s t r i p  char t s ;  and (5) opt ical  data r e c o r d e r s .  Appli-  
cable s y s t e m s  were  ca l ib ra t ed  before  each  t e s t  ( a tmospher i c  and al t i tude 
ca l ib ra t ions ) .  Te l ev i s ion  c a m e r a s ,  in conjunct ion with video tape r e -  
c o r d e r s ,  were  used to provide  v isual  coverage  during an engine f i r ing ,  
as well  as fo r  r ep l ay  capabi l i ty  for  immed ia t e  examina t ion  of unexpected 
events .  
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2.4 CONTROLS 

Control  of the J -2  engine,  ba t t l e sh ip  s tage,  and tes t  ce l l  s y s t e m s  
dur ing the t e r m i n a l  countdown was provided  f r o m  the t e s t  cel l  con t ro l  
room.  A fac i l i t y  cont ro l  logic  network was provided  to i n t e r connec t  the 
engine cont ro l  sy s t em,  m a j o r  s tage s y s t e m s ,  the engine safe ty  cutoff 
s y s t e m ,  the o b s e r v e r  cutoff c i r cu i t s ,  and the countdown sequencer .  A 
s c h e m a t i c  of the engine s t a r t  cont ro l  logic  is p r e sen t ed  in Fig.  6. The 
sequence of engine events  fo r  a n o r m a l  s t a r t  and shutdown is p r e sen t ed  
in F igs .  7a and b. Two cont ro l  log ics  fo r  sequencing the s tage p r e -  
va lves  and r e c i r c u l a t i o n  s y s t e m s  with engine s t a r t  for  s imula t ing  engine 
fl ight  s t a r t  sequences  a re  p r e sen t ed  in Figs .  7c and d. 

SECTION III 
PROCEDURE 

P r e o p e r a t i o n a l  p r o c e d u r e s  were  begun s e v e r a l  hours  before  the 
t e s t  per iod.  All consumable  s to rage  s y s t e m s  were  r ep len i shed ,  and 
engine inspec t ions ,  leak  checks ,  and drying p rocedu re s  were  conducted.  
P rope l l an t  tank p r e s s u r a n t s  and engine pneumat ic  and purge gas s a m p l e s  
were  taken to ensu re  that  spec i f i ca t ion  r e q u i r e m e n t s  were  met .  Chemi-  
cal ana lys i s  of p rope l l an t s  was provided by the p rope l lan t  supp l i e r s .  
Fac i l i t y  sequence ,  engine sequence,  and engine abor t  checks were  con-  
ducted within a 24-hr  t ime  per iod  before  an engine f i r ing  to ve r i fy  the 
p r o p e r  sequence  of events .  Fac i l i t y  and engine sequence checks  con- 
s i s t ed  of ve r i fy ing  the t iming  of va lves  and events  to be within spec i f ied  
l im i t s ;  the abor t  checks  cons i s ted  of e l e c t r i c a l l y  s imula t ing  engine m a l -  
funct ions  to ve r i fy  the o c c u r r e n c e  of an au tomat ic  engine cutoff s ignal .  
A f inal  engine sequence  check was conducted i m m e d i a t e l y  p reced ing  the 
t e s t  per iod .  

Oxidizer  dome,  gas g e n e r a t o r  ox id ize r  i n j ec to r ,  and th rus t  c h a m b e r  
j acke t  purges  were  in i t ia ted  before  evacuat ing  the t es t  cel l .  Af ter  com-  
plet ion of i n s t r u m e n t a t i o n  ca l ib ra t ions  at a t m o s p h e r i c  condi t ions ,  the t e s t  
cel l  was evacuated  to approx ima te ly  0 .5  ps ia  with the exhaust  m a c h i n e r y ,  
and i n s t r u m e n t a t i o n  ca l ib ra t ions  at a l t i tude condi t ions  were  conducted.  
Immed ia t e ly  before  loading p rope l lan t s  on board  the vehic le ,  the cel l  and 
exhaus t -duc t ing  a tmosphe re  was iner ted .  At this  same  t ime ,  the cel l  
n i t rogen  purge was in i t ia ted  for  the dura t ion  of the t e s t  per iod ,  except  
for  the engine f i r ing .  The veh ic le  p rope l l an t  tanks  were  then loaded,  
and the r e m a i n d e r  of the t e r m i n a l  countdown was conducted.  T e m p e r a -  
t u re  condi t ioning of the va r ious  engine components  was a~compl i shed  
as r equ i r ed ,  using the f ac i l i t y - supp l i ed  engine component  condi t ioning 
sy s t em.  Engine  components  which r e q u i r e d  t e m p e r a t u r e  condi t ioning 
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were  the t h ru s t  chamber ,  the c r o s s o v e r  duct, and ma in  ox id izer  valve  
s e c o n d - s t a g e  ac tua to r .  Table  V p r e s e n t s  the engine purges  and t h e r m a l  
condi t ioning ope ra t ions  dur ing the t e r m i n a l  countdown and i m m e d i a t e l y  
fol lowing the engine f i r ing .  

SECTION IV 

RESULTS AND DISCUSSION 

4.1 TEST SUMMARY 

4.1.1 General 

Six f i r ings  of the Rocketdyne J-2 rocke t  engine (S/N J -2036-1)  were  
conducted dur ing t e s t  per iod  J4-1901-12  on October  8, 1968. The 
p r inc ip l e  object ive  of these  f i r ings  was to eva lua te  engine s t a r t  t r a n s i e n t s  
at s imu la t ed  a l t i tude condi t ions  with the engine o r i f i ced  to an upra ted  
th rus t  l eve l  of 240,000-1bf th rus t ,  at an o x i d i z e r - t o - f u e l  m ix tu r e  r a t i o  
of 5.5.  The engine was opera ted  63.9 sec  dur ing th is  t e s t  per iod.  This  
r e s u l t e d  in a tota l  accumula ted  opera t ing  t ime  at AEDC on engine 
S/N J -2036-1  of 828.8 sec.  

Tes t  r e q u i r e m e n t s  and spec i f ic  t e s t  r e s u l t s  a r e  s u m m a r i z e d  in 
TaMe VI. Star t  and shutdown t r a n s i e n t s  opera t ing  t imes  for  s e l ec t ed  
engine va lves  a r e  shown in Table  VII. Calcu la ted  engine s t e a d y - s t a t e  
p e r f o r m a n c e  data  a re  shown in Table  VIII. F igu re  8 shows engine s t a r t  
condi t ions  fo r  the pump in le t s ,  s t a r t  tank, and he l ium tank fo r  al l  f ir~ngs. 
T h e r m a l  condi t ioning h i s t o r y  of engine components ,  engine ambien t  and 
combus t ion  c h a m b e r  p r e s s u r e s  expe r i enced  dur ing the f i r i ngs ,  engine 
s t a r t  and shutdown t r a n s i e n t s ,  and fuel  pump s t a r t  t r a n s i e n t  p e r f o r m a n c e  
a re  p r e s e n t e d  in Figs .  9 th rough  32. The data  p r e sen t ed  will  be those  
r e c o r d e d  on the digi ta l  data  acqu is i t ion  sys t em,  except  as noted.  
Specif ic  t es t  ob jec t ives  and a b r i e f  s u m m a r y  of r e s u l t s  obtained for  each  
f i r ing  a re  p r e sen t ed  in the fol lowing sec t ions .  

4.1.2 Firing J4-1901-12A 

4.1.2.10biectives 

The object ive  was to eva lua te  the engine s t a r t  t r a n s i e n t  with the 
p rope l l an t  u t i l i za t ion  valve  in the open pos i t ion  and with the engine 
o r i f i ced  fo r  up ra t ed  p e r f o r m a n c e  of 240,000-1bf t h ru s t  at an engine 
mi x tu r e  r a t i o  of 5 .5  (propel lant  u t i l i za t ion  valve in the c losed  posi t ion) .  

8 
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4.1.2.2 Results 

The f i r ing  was p r e m a t u r e l y  t e r m i n a t e d  at t o + 12. 522 sec  by the engine 
safe ty  cutoff s y s t e m  because  of fuel tu rb ine  speed exceeding the s a f e ~  
l i m i t  of 29,000 ± 250 rpm.  The engine was s t a r t e d  with the  p rope l l an t  
u t i l i za t ion  va lve  in the open posi t ion,  and t h e  safe ty  cutoff o c c u r r e d  
0 .805 sec  a f te r  th is  valve  was moved to the c losed  posi t ion.  Ana lys i s  of 
t es t  data  indica ted  the engine had ac tual ly  been  o r i f i ced  such that  t h ru s t  
was s ign i f i can t ly  in excess  of 240,000 lbf  with the p rope l l an t  u t i l i za t ion  
valve in the c losed  posi t ion.  Th rus t  at engine cutoff was app rox ima te ly  
253,000 lbf  and inc reas ing ;  mix tu re  r a t i o  r e ached  a m a x i m u m  value of 
5.28 (t O + 11.8 sec) and was 5.14 and d e c r e a s i n g  at engine cutoff 
(Fig. 33). This  i n c o r r e c t  engine orf f ic ing r e s u l t e d  in the fuel  tu rb ine  
overspeed .  The engine s t a r t  t r a n s i e n t  with the open p rope l l an t  u t i l i z a -  
t ion va lve  pos i t ion  and with th is  t h rus t  conf igura t ion  appeared  s a t i s f a c t o r y .  
Engine  n o r m a l i z e d  t h ru s t  and mix tu r e  r a t i o  before  and a f t e r  the p rope l l an t  
u t i l i za t ion  va lve  excur s ion  a re  p r e sen t ed  in Fig .  34. 

4.1.3 Firing J4-1901.12B 

4.1.3.1 Objectives 

The objec t ives  were  to evaluate  the engine s t a r t  t r a n s i e n t  with the 
p rope l l an t  u t i l i za t ion  va lve  in the open pos i t ion  and engine o r i f i ced  fo r  
upra ted  pel~formance and make  a p rope l l an t  u t i l i za t ion  va lve  excu r s ion  
at t O + 10 sec  fo r  d e t e r m i n a t i o n  of engine p e r f o r m a n c e  with this  va lve  
in the null  posi t ion.  

4.1.3.2 Results 

The f i r ing  was succes s fu l ly  accompl i shed ,  and the t e s t  ob jec t ives  
were  met .  The engine s t a r t  t r a n s i e n t  appeared  s a t i s f ac to ry ,  and the 
p rope l l an t  u t i l i za t ion  valve  excu r s ion  was succes s fu l ly  accompl i shed .  
Engine s t e a d y - s t a t e  n o r m a l i z e d  p e r f o r m a n c e  (Table VIII) indica ted  
m i x t u r e  r a t i o  (4.8) was 0 .2  mix tu re  r a t i o  units  low, and t h r u s t  
(223,000 lbf) was 26,000 lbf  above r a t ed  p e r f o r m a n c e  at the 4 .8  mix -  
t u re  r a t io .  

4.1.4 Firing J4-1901"12C 

4.1.4.1 Objectives 

The objec t ives  were  to evaluate  the engine s t a r t  t r a n s i e n t  with the 
p rope l l an t  u t i l i za t ion  valve  in the open posi t ion,  with the engine o r i -  
f iced for  the upra ted  th rus t  l eve l  and with m a x i m u m  s t a r t i ng  energy .  
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4.1.4.2 Results 

The f i r ing  was succes s fu l l y  accompl i shed ;  however ,  m a x i m u m  
s t a r t i ng  ene rgy  was not obtained because  of the r educ t ion  in effect ive  
s t a r t i ng  ene rgy  by a p rope l lan t  l eak  th rough  e i t he r  the gas g e n e r a t o r  
cont ro l  va lve  or  the fuel  tu rb ine  sea l s  which ch i l led  fuel tu rb ine  com-  
ponents  below the t a rge t  l i m i t s .  The engine s t a r t  t r a n s i e n t  under  these  
condi t ions  appea red  s a t i s f ac to ry .  P o s t - f i r i n g  12C purging of the gas 
g e n e r a t o r  and tu rb ine  components  with ambien t  he l ium apparen t ly  
e l imina t ed  this  leak.  

4.1.5 Firing J4-1901-12D 

4.1.5.1 Objectives 

The objec t ives  were  to evaluate  fuel  pump high l eve l  s ta l l  m a r g i n  
with the p rope l l an t  u t i l i za t ion  valve in the open posi t ion,  with the engine 
o r i f i ced  for  the upra ted  th rus t  l eve l  and with m i n i m u m  s t a r t i ng  energy .  

4.1.5.2 Results 

The f i r i ng  was succes s fu l l y  accompl i shed ,  and the t e s t  ob jec t ives  
was met .  The m i n i m u m  high l eve l  s ta l l  m a r g i n  was conse rva t ive  
(700 gpm). 

4.1.6 Firing J4.1901-12E 

4.1.6.1 Objectives 

The objec t ives  were  to evaluate  fuel pump s ta l l  m a r g i n  dur ing s t a r t  
tank d i s cha rge  with the p rope l l an t  u t i l i za t ion  va lve  in the null  pos i t ion ,  
with the engine o r i f i ced  for  the upra ted  t h ru s t  l e v e l  and with o ther  s t a r t -  
ing condi t ions  the same  as for  f i r ing  12A. 

4.1.6.2 Results 

The f i r ing  was succes s fu l ly  accompl i shed ,  and the t es t  ob jec t ives  
were  met .  The fuel  pump s ta l l  m a r g i n  dur ing s t a r t  tank d i s cha rge  was 
e s s e n t i a l l y  the s a m e  as that  expe r i enced  on f i r ing  12A (1800 gpm). 
Compar i son  of s t a r t  t r a n s i e n t  data  with f i r ing  12A indica tes  exces s ive  
gas g e n e r a t o r  t e m p e r a t u r e  t r a n s i e n t s  may  r e su l t  dur ing the s t a r t  

t r a n s i e n t  with the p rope l lan t  u t i l i za t ion  valve in the null  pos i t ion  and 
with the engine o r i f i ced  fo r  the upra ted  t h rus t  l eve l .  

10 
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4.1.7 Firing J4.1901.12F 

4.1.7.10biectives 

The objec t ive  was to evaluate  the engine s t a r t  t r a n s i e n t  with the 
p rope l l an t  u t i l i za t ion  valve  in the open pos i t ion ,  with the engine o r i f i ced  
for  the upra ted  t h ru s t  l eve l  and with m a x i m u m  s t a r t i ng  energy .  This  
was to r epea t  t a r g e t  condi t ions  fo r  f i r i ng  12C which were  not mete  

4.1.7.2 Results 

The f i r ing  was succes s fu l ly  accompl i shed ,  and the t e s t  ob jec t ives  
were  met .  The engine s t a r t  t r a n s i e n t  appea red  s a t i s f ac to ry .  

4.2 ENGINE STEADY-STATE PERFORMANCE 

Engine  s t e a d y - s t a t e  p e r f o r m a n c e  data a re  p r e sen t ed  in Table  VIH 
fo r  a 1 - sec  data ave rage  between 29 and 30 sec  a f t e r  t O (propel lan t  u t i l -  
iza t ion  va lve  in the null  posit ion) for  f i r ing  12B. These  data were  com-  
puted using the Rocketdyne PAST 640, modi f i ca t ion  zero ,  p e r f o r m a n c e  
compute r  p r o g r a m .  Engine  tes t  m e a s u r e m e n t s  r e q u i r e d  by the p r o g r a m  
and the p r o g r a m  computa t ions  for  the n o r m a l i z e d  data  a re  p r e s e n t e d  in 
Appendix IV. 

The engine was r e o r i f i c e d  before  this  t e s t  pe r iod  to a t ta in  the 
upra ted  t h ru s t  l eve l  of 240,000 lbf (10,000 lbf  above r a t ed  t h ru s t  at a 
m i x t u r e  r a t i o  of 5.5).  However ,  dur ing f i r i ng  12A, it  was found that  
0 .805 sec  a f t e r  the p rope l l an t  u t i l i za t ion  valve  was moved  f r o m  the 
open to the c losed  pos i t ion  at app rox ima te ly  t O + 11 sec ,  to a t ta in  the 
d e s i r e d  th rus t ,  safe  opera t ing  l i m i t s  were  exceeded,  and the f i r i ng  
was p r e m a t u r e l y  t e r m i n a t e d  by the engine safe ty  cutoff sy s t em.  Analy-  
s i s  of t e s t  data  indica ted  the engine had been or i f i ced  s ign i f i can t ly  in 
excess  of 240,000-1bf th rus t .  

T h r u s t  and m i x t u r e  r a t i o  t r a n s i e n t s  dur ing the p rope l l an t  u t i l i z a -  
t ion  valve  excu r s ion  on f i r ing  12A a re  shown in Fig. 33. This  f igure  
shows that  t h rus t  at engine cutoff was 253,000 lbf  and inc reas ing ;  
m i x t u r e  r a t i o  r e a c h e d  a m a x i m u m  of 5.28 (t O + 11.8 sec) and was 
5.14 and d e c r e a s i n g  at engine cutoff. P e r f o r m a n c e  data a re  not p r e -  
sented in Table  VIII s ince  s t e a d y - s t a t e  ope ra t ion  was not a t ta ined  with 
the propeLlant u t i l i za t ion  va lve  in the c losed  posi t ion.  However,  n o r -  
ma l i z ed  t h ru s t  and mix tu r e  r a t i o  were  249,200 lbf  and 5.25,  r e s p e c -  
t ive ly ,  at engine cutoff (Fig. 34). Nomina l  m i x t u r e  r a t i o  with the 
d o s e d  p rope l l an t  u t i l i za t ion  valve  pos i t ion  is 5.5.  

11 
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Dur ing  f i r i ng  12B, the p rope l l an t  u t i l i za t ion  valve  was moved  f r o m  
the open to the null  pos i t ion  at app rox ima te ly  t O + 11 sec ,  and m a i n -  
s tage  opera t ion  was s u c c e s s f u l l y  accompl i shed  at th i s  opera t ing  point.  
N o r m a l i z e d  p e r f o r m a n c e  data  f r o m  th is  f i r i ng  a r e  compa red  to r a t ed  
t h r u s t  and m i x t u r e  r a t i o  fo r  th i s  engine or f f iced  for  230,000-1bf 
t h r u s t ,  as shown in Fig .  34. With the p rope l l an t  u t i l i za t ion  va lve  in 
the null  pos i t ion  (nominal  5.0 m i x t u r e  ra t io) ,  Fig .  34 shows that  the 
m i x t u r e  r a t i o  was 4 .8  and t h r u s t  (223,000-1bf) was 26,000 lbf  above 
r a t e d  t h r u s t  at th i s  m i x t u r e  ra t io .  This  f igu re  a l so  shows the s a m e  
t r end  of low m i x t u r e  r a t i o  and high t h r u s t  with the p rope l l an t  u t i l i za t ion  
valve  in the open pos i t ion  at t O + 10 sec  on f i r ings  12A and 12B. 

4.3 EFFECT OF PROPELLANT UTILIZATION VALVE POSITION 
ON ENGINE START TRANSIENTS 

Condit ions at engine s t a r t  for  f i r ing  12A were  r epea ted  dur ing f i r i ng  
12E, except  for  the p rope l l an t  u t i l i za t ion  valve pos i t ion .  F i r i n g  12E was 
conducted with th is  valve in the nul l  posi t ion,  w h e r e a s  12A was conducted 
u t i l i z ing  the open pos i t ion .  Selected engine p a r a m e t e r s  a r e  c o m p a r e d  
dur ing  the s t a r t  t r a n s i e n t  for  t he se  f i r i ngs  in Fig .  35. This  f igure  shows 
that  the null  p rope l l an t  u t i l i za t ion  valve pos i t ion  r e s u l t e d  in a f a s t e r  en-  
gine buildup r a t e .  Main c h a m b e r  p r e s s u r e  a t ta ined  100 ps i  at t O + 0. 935 
sec  with th is  valve  in the null  pos i t ion  (25 m s e c  f a s t e r  than with the open 
posi t ion) ,  and m a i n - s t a g e  p r e s s u r e  "OK" event o c c u r r e d  at t O + 1. 425 
sec (185 m s e c  f a s t e r  than with the open posi t ion) .  

The gas  g e n e r a t o r  outlet  t e m p e r a t u r e  r e a c h e d  a m a x i m u m  value of 
2110°F with the p rope l l an t  u t i l i za t ion  va lve  in the null  pos i t ion  (480°F 
h ighe r  than  with ,he open posi t ion)  and was in e x c e s s  of 1550°F at engine 
cutoff (440°F h ighe r  than at the s a m e  t ime  with the open pos i t ion  on 
f i r i ng  12A). These  data  indica te  e x c e s s i v e  gas  g e n e r a t o r  s t a r t  t r a n s i e n t  
t e m p e r a t u r e  m a y  r e s u l t  with the p rope l l an t  u t i l i za t ion  va lve  in the null  
pos i t ion  and with the engine orf f iced  for  the up ra t ed  t h r u s t  l eve l .  

Fue l  pump s t a r t  t r a n s i e n t  p e r f o r m a n c e  for  f i r i n g s  12A and 12E is  
compared  in Fig.  36. This  f igu re  shows that  p rope l l an t  u t i l i za t ion  
va lve  pos i t ion  did not have a s ign i f i can t  effect  on fuel  pump s ta l l  m a r g i n  
dur ing s t a r t  tank d i s c h a r g e .  This  s t a l l  m a r g i n  was c o n s e r v a t i v e  on 
both f i r i n g s  (1800 gpm). 

12 



AEDC.T R-68-281 

SECTION V 
SUMMARY OF RESULTS 

The r e s u l t s  of the s ix  f i r ings  conducted during tes t  per iod  
J4 -1901-12  on October  8, 1968, with the engine or i f iced  for  the up-  
r a t e d  t h ru s t  level  a r e  s u m m a r i z e d  as fol lows:  

1. Engine m a i n - s t a g e  opera t ion  was s a t i s f a c t o r y  with the 
p rope l lan t  u t i l iza t ion  valve in the open and null position; 
however ,  safe  opera t ing  l imi t s  we re  exceeded when an 
excu r s ion  to the c losed posi t ion was made ,  indicat ing 
that  engine or i f ic ing  was such that  t h rus t  was s ign i f ican t ly  
in e x c e s s  of the de s i r ed  opera t ing  leve l  of 240,000 lbf.  

2. Engine s t a r t  t r a n s i e n t s  w e r e  s a t i s f a c t o r y  with the p rope l -  
l an t  u t i l iza t ion  valve in the open position; however ,  da ta  
indicate  exces s ive  gas  g e n e r a t o r  t r a n s i e n t  t e m p e r a t u r e  
m a y  r e s u l t  with this  va lve  in the null posit ion.  

3. P rope l l an t  u t i l iza t ion  valve  posi t ion did not have a s ig -  
nif icant  effect  on fuel pump s ta l l  m a r g i n  dur ing s t a r t  
tank d i s cha rge .  The fuel pump high level  s ta l l  m a r g i n  
was conse rva t ive  with m i n i m u m  s t a r t i ng  energy .  
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Ox£dlse r  Dome and GG 
( ~ i d L z e r  Purge  Flow 

M a i n F u e l  and ASI 
P r o p e l l a n t  Flow 
Fue l  Tempera tu re  OK g t g n a l ~  

I g n i t i o n - P h a s e  Timer Bnur-  
s i z e d  0 .450  ~ 0 .030  mec 

h p  Bu i ldup  

I g n i t i o n - P h a s e  Timer E x p i r e s  
Ma in -S tage  S i g n a l  

Purge  C o n t r o l  V a l v e  C l o s e d  

Main O x i d i z e r  Flow 

GG P r o p e l l a n t  Flow --~__~ 

OKld ize r  Tu rb ine  Bypass  Valve C l osed  ~ .  
Ma~n-gtage OK S i g n a l  [ [ 

ASI and GG Sparks  D e - ~  90-~  

F i l r T 
F He C o n t r o l ,  S t a r t  Tank D i s c h a r g e  Delay I I 
- Timer ,  ASI and GG S p a r ~  on I g n i t i o n -  J [ 
O ~ o n t r o l [  S o l e n o i d  E n e r g i z e d  I I 

..sin Fuel V a l v e  Open [ [ [ 
n ASI O x i d i z e r  V;1ve Open ~ [ 

VASI I g n i t i o n  ~ 

V S t a r t  Tank D i s c h a r g e  Delay  Timer E x p i r e s  

"1 
o STDV Open 

~- GN 2 Flow 
, I 
~ Bypass  Flow t h r o u g h - N o r m a l l y  'Open 

O x i d i z e r  Tu rb i ne  Bypass  Valve  

/ I I i 
~ M a i n -  t a~e  C o n t r o l ,  S o l e n o i d  E n e r g i z e d  

Sparks  D e - E n e r g i z e d ,  Timer E n e r g i z e d  
a I e-~STDV C l o n e d [  I 3"30 + 0.201 e e c  
~MOY S t a r t s  t o  Open [ [ 

I I J , 

~ r c e n t  T h r u s t  V 

l L 
a. Start Sequence 

S i g n a l  Time, sec  0 0 . 1  0 . 2  0 . 3  0 . 4  0 . 5  0 . 6  0 . 7  0 . 8  0 . 9  1 . 0  
I I I 

C u t o f f  S i g n a l  

GG Valve  Close  ( O ~ l d i z e r )  
GG Valve  Close  (Fue l )  

A5I O ~ l d t z e r  Valve  Close  

MOV Close  

Main Fue l  Valve Close  

O ~ l d i z e r  Dome Purge  and GG 
O~cidizer Pu r se  on 

He C o n t r o l  S o l e n o i d  
D e - E n e r g i z e s  

B leed  Va lves  Open 

~V 

% 
C~ 

I 

I I 
i 

r - I  

b. Shutdown Sequence 

Fig. 7 Engine Start and Shutdown Sequence 
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F i r e  Command 

P r e v a l v e s  Open S i g n a l  

R e c i r c u l a t i o n P u m p s  
Off  S i g n a l  

R e c i r c u l a t i o n  Va lves  
Close  S i g n a l  

Engine  S t a r t  S i g n a l  

S t a r t  Tank D i s c h a r g e  
Valve  Open S i g n a l  

Time Index  L i n e s ,  1 - s e c  I n t e r v a l s  

! ' 
b 

1 
L, 

1 
k 

1 

2 

1Nominal O c c u r r e n c e  Time ( F u n c t i o n  of  P r e v a l v e s  Opening Time) 

2One- sec  F u e l  Lead ( S - I I / S - V  and S-IVB/S-IB)  

3 E i g h t - s e c  F u e l  Lead (S-IVB/S-V and S-IB O r b i t a l  R e s t a r t )  

c. Normal Logic Start Sequence 

3 

Time Index  L i n e s ,  1 - s e c  I n t e r v a l s  

F i r e  Command 

P r e v a l v e s  Open S i g n a l  

Engine  S t a r t  S i g n a l  

O x i d i z e r  R e c i r c u l a t i o n  
Pump Off  S i g n a l  

F u e l  R e c i r c u l a t i o n  
Pump Off  S i g n a l  

R e c i r c u l a t i o n  Va lves  
Close  S i g n a l  

S t a r t  Tank D i s c h a r g e  
Valve Open S i g n a l  

U 

~L 

1 

. 1 T h r e e - s e c  F u e l  Lead (S-IVB/S-V F i r s t  Burn) 

d. Auxiliary Logic Start Sequence 

Fig. 7 Concluded 
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Fig. 8 Engine Start Conditions for Pump Inlets, Start Tank, and Helium Tank 
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Fig. 8 Continued 
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Fig. 9 Thermal Conditioning History of Engine Components, Firing 12A 
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Fig. I1 Continued 

33 



AEDC-T R.68.281 

rs- 

z u ' )  

o .  

o 100' ,,~ 
i,-- e,r- 

" '  80' f._,l 
er" I . lJ 
la.I nr" 

" 60; o.. 

i 
o gO 

~ 20  0 
Q. 

0 

e .  

lO00 

900 

800 

70O 

6O0 

50O 

zlO0 

3OO 

20O 

100 

0 
0 

# 
. /  

f 

rA t 
I GAS GENERATOR F .~,GAS GENERATOR / 
X OXIDIZER INJECTOR A f /  FUEL INJECTOR J " 
\ PRESSURE r / /~.Y PRESSURE. . . . I  

POJGG-2" "--/ f /  ,PFJGG-2 J 

/ ~ , ,  / ' ¢ . ~ / / "  .....~ J I 
/ "% /.... j _ f  4 .I I ! u 
v . ,  ~ 1 -  "---:MAIN OXIDIZER VALVE 

- "  POS IT ION, LOVT / 

J I I I I I 
I 2 3 

TIME. SEC 

Gas Genemtorlniec~r Pmssu~s and Main Oxidizer Valve Position, Sfa~ 

2800' 

2qO0. 

2000' 

~600- 

t 
er- -.,,,, 
h i  1,~ 

Lz: 800 
u J  ee- 
l , -  {9.  

LIO0 4- 

°t - ~  

800 

700 

600 

500 

qO0 

300 

200 

lO0 

0 

A 
X 
X 

\ 
\ 

GAS GENERATeR'CHAMBER 
PRESSURE, PCGG-2~  

\ • 
\ . /  

/ \  
/ ".  / 

/ • 
/ / \ 

/ j r  

I / 
J 

f 

~-" GAS GENERATOR OUTLET 
TEMPERATURE, TGGO-]A 

0 ! 2 

TIME, SEC 

f. Gas Generator Chamber Pressure and Temperature, Start 
Fig. 11 Continued 

34 



A E D C - T  R - 6 8 - 2 8  1 

1000 

900 

800 

700 
c~ 

600 
Q,. 

,,; 500 n'- 

¢t3 400 
I.iJ 
n,- 

~" 300 

200 

100 

0 
12 

I 

"ENGINE 
"CUTOFF 
"S IGNAL --~, 

/ 

I 

I I I I I I I 
I I I I I I I 
; I I I I I I 
I i i i i i i 

.,],--GAS GENERATOR OXIDIZER 
/ I  INJECTOR PRESSURE, POJGG-2 

r , I I I I I I 
~" J I I I I I I 
: ! I I I I I I 
' I I i I I I 
\ i i i i i i i 
" i I I I I I I 

I/--GAS GENERATOR FUEL 
\ , X  INJECTOR PRESSURE, PFJGG-2 

13 14 

TIHE, SEC 

g. Gas Generator Iniector Pressures, Shutdown 

15 

2800 

2400 

2000' 
h 

o 1600 

2 12oo, 

L ~ ~ 8001 

400 

0- 

-400 

800 

700 

600 

a:_ 5o0 u') 
G. 

,,1 q00 
re" 

tJ') 

Q. 

3OO 

200 j 
• ENG I NE - 

100 CUTOFF. 
SIGNAL- ~ , 

o I ¶ 
12 

m 

v 

/ 
r 

--GAS GENERATOR OUTLET 
TEMPERATURE. TGGO-]A 

H I  

,--GAS GENERATOR CHAM'BER. ~.. . / PRESSURE F PCGG-2 

I I I I I 
\ - ~  ! I I I I 

13 lq 

TIHE,  SEC 

h. Gas Generator Chamber Pressure end Temperature, Shutdown 
Fig.  !1 Concluded 

IS  

35 



A
 E

D
C

-T
 R

-6
8

-2
8

1
 

Z I-- 

/=
~

~
 

.~o 
I 

I 
" 

lx 

/z~
-<

~
,~

 
I 

I 

""": 
L I 

/E~,~E~ 

I ~ 
" 

'
-
'
'
 
~ 

"- '- 
I 

I
~
 

IN, 
, 

i 
I 

i 
O 

C
3
 

0 
::2' 

~ 
t4J 

o_ 

at) 

? 
.j' 

,.o 
o 

z 

x 

"i d. 
,'r 

C
)
 

C
~
 

C
~
 

~.==e 

G-O! 
X 

I-I 
"
I
-
:
I
H
 °

O
U
3
H
 

3
6
 



AEDC.TR-68-28 i 

IO0 

0 
ILl  
r f"  

OC 

O.  

~" -I00 

-:>00 
-v,o 

100 

a o  

C~OITI ~ING ~RG~ -~0 ~ 50~ 7 

J 

-30 -20 - !0 0 

TIHE. NIN 
Main Oxidizer Valve Second-Stage Actuator, TSOVC-1 

0 
u. I  
l f "  

i I  
n,' 
m.  

U.J 
O.  

z -I00 bU 

NO STA'IED CONDITIONING TARGET 

-200 
-[10 

100 

b. 

-30 -20 - ! 0 

TIME. N]N 

Gas Generator Body Temperature, TGGVRS 

0 
LLI 
r 

I - -  

U.J 
n 

-1oo 
I - -  NC STA~D ;ONIIITII tN ING TARGET 

-200 
-40 -30 -20 -10 0 

TIHE. H|N 

c. Sta~ Tank Discharge Valve Opening Control Temperature, TSTDVOC 

Fig. 13 Thermal Conditioning History af Engine Components, Firing 12B 

37 



AEDC.TR.68-281 

200 

100 

~- 0 

UJ 
Q. 
Z 

-100 

-200 
-2q 

...L~T~ D'2-TFTD'~ CONDITIONING TARGET, 50 ~.~o°F- -~ 

I I I I I I i LTFTD-4 
TFTD-3 

-20  

OXIDIZER TURB INE-7 
STA RT TAN K ~ ~ . _  ~ TFT O -8 

I FUEL T U R B I N E ~ ~  

-16 -12 -8  -q 0 

TIHE, H[N 

d. Crossover Duct, TFTD 

100 

I J,. 
o 

n'- 

2 
OC 
CC 
Ia.I 
(1. 
Z 
IJJ 

-100 

-200 

-300 

0 

-2~ -20 

\ 
\ 

eo 

\ CON DI TI ONI NG TAR GET, -275 ± 25OF 

-16 .-12 -8  

TIHE, HIN 

Thrust Chamber Throat, TTC-IP 
Fig. 13 Concluded 

\ 
\ 

0 

38 



A
 E

 D
C

-T
 R

-68-281 

1
6
 

) 1
4
 

) ) 
_
4
 

-- 
o
 

~
 

0
 

o
 

o
 

0... 
6
 I
 

0
 

q
m
 

J
~
 

E 0
 

U
 0
 

m o _ E 
,
4
 0
 

...- 
W
 

m
u
 

p
 i
 

tJL 

U
Igd 

'
3
Y
n
s
g
3
U
d
 
7
7
3
3
 

m 
m 

; 
. 

m 
, 

, 
, 

I 
- 

- 
' 

.
.
 

: 
: 

m 
- 

- 
J 

O 
0 

0 
0 

0 
0 

¢X) 
t
O
 

::~ 
i'M 

U
l
g
d
 
'
3
~
n
s
g
3
~
d
 
~
3
8
w
u
H
3
 

3
9
 



A E D C - T  R . 6 8 - 2 8 1  

b 

x 

cc 

u') 

32 

28 

214 

20 

i 6  

12. 

8' 

u,, 

0 

1600 

I~00 

1200 

lO00 

800 

600 ~ 

LIO0 i 

200 ~ 

0 ~ 
0 

FUEL PUMP 
PRESSURE, 

I " I I I I 
FUEL PUMP SPEED, NFP-IP"-~ 

DISCHARGE 
PFPD-2---~ /~" / ~ r  r 

- -  . -"~r-FUEL INJECTOR 
\ . ~ /  , /  / PRESSURE. PFJ-L~ 

/ \  / / _ L _ l  l 

' ~ 1 / I  .~'--~_.C_-L ~ t 
I V A ~ ~ W ,  

/ /  ' -COMBUSI"ION C'HAM'BER. 
PRESSURE. PC-3 

Ii 
2 3 

TIME, SEC 

a. Thrust Chamber Fuel System, Start 

12' 1200 

b 

x 

z 
o .  
n -  

I,,IJ 
U.I 
n. 

O- 
,.Jr" 

G. 

10' 

, 

6' 

q,. 

. 

lOOO OXIDIZER PUMP DISCHARGE 
PRESSURE, POPD-2--'.,~ 

800 ~ ~ ~ --, . . / - . . - / -~*-~ 

OXIDIZER PUMP ~ ..--"~ ~ - -  

./" 

2OO 
J/ J/ . .~, 'J 

O" 
O 1 2 3 

T]HE, SEC 

b. Thrust Chamber Oxidizer System, Start 
Fig. 15 Engine Transient Operation,. Firing 12B 

40 



A E D C - T  R - 6 8 - 2 8 1  

b 

x 
,r- 
IL 
IT- 

IJ.J 
IJ.I ¢L 
(/3 

G. 
~r" 

0- 

32. 

28. 

2q. 

20. 

t6- 

12- 

8- 

u,. 

0 

1600 

lqO0 , 

1200 = 

r r  
I000 

,,1 800 
er  

U'I 
600 

n -  
O.. .  

qo0 
! 

200 ENG INE. 
CUTOFF. 
SIGNAL- 

0 
32 

\ \  
,.,,--FUEL PUMP SPEED, NFP-tP 

/ 

~ ;.-FUEL PUMP DISCHARGE 
" ~ / PRESSURE. PFPD-2 

I I I 
I~-FUELINJECTOR 

- /  PRESSURE, PFJ-2 I i 
C ---COMBUSTI'ONCHAMBER 
~ " ~ C  ''~ PRESSURE, PC-3 

- m ,--...L I ~ I 

33 3q 35 

TIME. SEC 

c. Thrust Chamber Fuel System, Shutdown 

b 

x 
,l- 
Q_ 
n" 

1a.I 
LU 
G. 
U3 
CL 
"-t 
Q- 

12 

10 

8 

. 

0 

1200 

I000 

8OO 

u.J 600 

~00 

200 

0 
32 

,A~,,,w 

I 
-ENGINE 
_CUTOFF 

SIGNAL 

l I I 
/--OX I D IZER PUMP D I SCHARGE 

PRESSURE, POPD-2 / , , , 

/ SPEED. I NOP-IPI 

---COMBUST ION CHAMBER 
' ~ > ~  ~PRESSURE' PC-3 

33 3q 35 

TIME, SEC 

d. Thrust Chamber Oxidizer System, Shutdown 
Fig. 15 Continued 

4:1 



A E D C - T  R - 6 8 - 2 8 1  

Z 
lad 

o lO0"  
I-... 
Z 

" '  80 
n -  

" 60 

o q 
p -  

0 

lO00 

900 

Q .  

h i  

L 

800 

7O0 

600 GAS GENERATOR FUEL, 
500 I INJECTOR PRESSURE,~ 

pF IGG-:! 

qO0 ~ ~ "  

300 ~ / "  ,~, .q  

2 ~  , /  ~ " - "  / J  \ / ~=-" 

lO0 ' - - "  ~ - ~ / %  

o / 
0 l 

f 

J 

i 
J ,.'-GAS GENERATOR 

/ I OXIDIZER INJECTOR-- .---- / /  
PRESSURE, 
POJGG-2 / 7 / 

/ 
/ r  

J 

I I I I I 1 I 
~ I N  OXIDIZER VAL~ POSITION r LO~" 

I I I I I I I 
2 3 

TIHE, SEC 

e. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start 

2800, 

2qO0, 

2000- 

i 1600- 

t 200- 
a :  n -  
bJ 
o. 800- 
u..I 
i i  

~ 0 0  

O. 

-qO0 

eoo I I I I I I 

700 -PRESSURE, PCGG-2 

~ I Y ' I  
soo I~  ~ I / I  I 
~oo I I ~ " ~  ,4" I I 

uJ 

cn II I I  I I I I  I 

300 i l l  _r_Ac r_ru 
bd 

200 

lO0 

0 
0 

Q- i | l  
i k l i l i l f l i R I I  
u | ~ n f l g l  

~ i ' J l l I  

-GAS GENERATOR OUTLET 
"TEMPERATURE, TGGO-1A 

2 3 

TIHE, SEC 

f. Gas Generator Chamber Pressure and Temperature, Start 
Fig. 15 Continued 

42 



AEDC.T R-68-281 

e, 

n- 

tt~ 

tmJ 
OC 
06. 

I000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

I 
ENGINE- 
"CUTOFF- 

0 SIGNAL~---~ 

32 

\ 

~GAS GENERATOR OXIDIZER 
/ INJECTORPRESSURE, POJGG-2 

~/ f--GAS GENERATORFUEL 
NJECTOR PRESSURE, 

/ PFJGG-2. 

33 34 

TIME, SEC 

g. Gas Generator Injector Pressures, Shutdown 

35 

2800 

2400 

2000 

LI-  

o 1600- 

f f -  

~- ! 200" 
¢ r  
U J  

8 0 0  " ~E: 
I.iJ 
I - -  

400" 

D. 

-400 

800 

700 

600 

5OO 
o.. 

~00 
oc 

300 
n- 
O- 

200 

IO0 .ENG INE _ 

CUTOFF I 
0 "S IGNAL--~ 

32 

\ 
\ /  

/ 
--GAS GENERATOR OUTLET 

TEMPERATUREp TGGO-IA 

I 
,'--GAS GENERATOR CHAMBER 

/ PRESSURE, PCGG-2 

/ I I I I I 
~ _ 1  I I I I 

33 34 

TIME. 5EC 

h. Gas Generator Chamber Pressure and Temperature, Shutdown 
Fig. 15 Concluded 

3S 

43 



A
 E

 D
C

-T
R

.68-281 

I-- 
o 

I 
_z 

/~
~

 
~

~
 

~" 
o 

\ 
/ 

\~
"1

 

× 
| 

~.~~ 
, 

• ~
~

~
 

. 
.~

 
=

, 
, 

=
, ~

,,, 
~ 

~
- .~

 _o. 
• -:~~~.~~.<~--,- 

. 
_. 

~ 
~ 

. 

I,-- 

Z
 

0 

| 
, 

I 
C

) 

0 
0 

0 
C

) 

¢-01 
X

 13 
'I-~

H
 

'O
U

3H
 

4
4
 



AEDC-TR-68.281 

I00 

0 
,,J 
ee- 

2 n . .  

cc: 
i.i.J 
o .  

-ioo 

-200 
-[I0 

I00 

C .  

CONDITI ON I NG TARGET, -150 + 50°F-- 

~/I~'I//t////.Y//,Y//,'I//~'I/IY/I'I///I/;,'I/I,//~/~/~ 
'III/I/I/I'/I/I'/Z~'/I'/'~'/~'/It.'I'/I,'I'/I,~/I/t'/I~/I 

* '//'/~'//; '1;~ 7//~ ~ V~ I//l l/ill VIII I//I I//II//ii//i//IIIIIi 
-30 -;'0 - 10 0 

T[NE, H]N 

Main Oxidizer Valve Second-Stage Actuator, TSOVC-1 

l I I I I I I i I 
NO STATED CONDITIONING TARGET 

0 
LJ 
CC. 

I . -  
I T  
CC 
U.J 
el 

,.=, -!oo 
I,.- 

-200 
-qO 

]00 

b. 

/ 
f 

/ 

/ 
I 
I 

-30 -20 -10 

TIHE. NTN 

Gas Generator Body Temperature, TGGVRS 

J \ 
\ 

0 

0 
I L l  

n . .  
n . -  
u.J 
Q,. 

-too 

NO STATED CONDITIONING TARGET 

-200 
-q0 -30 -20 -10 0 

TIHE. HIN 

c. Start Tank Discharge Valve Opening Control Temperature, TSTDVOC 

Fig. 17 Thermal Conditioning History of Engine Components, Firing 12C 

4 5  



A E D C-T R .6B-2B 1 

200 

,oo /-~I °'~ ; gTFTD-3 
U .  

I,,,- ° - 4 -  
x L_TFTD. 2 I,,IJ 

-I00 

-200 
-2u, -20 

I 
-- +0 OF- CONDITIONING TARGET, 50 -50 - 

I 1 I I 
OXIDIZER TURBINE~ 

START TAN K " - ~ ~ ' ~ : z : : : ~  / TFT D-~- 

CROSSOVER DUCT- T FTD-3 AND , 

-IB -12 -8 -it 0 

TIME, MIN 

d. Crossover Duct, TFTD 

I00 

o 

f r  

~- - 1 0 0  
(3: 

L~ 
I1.  
Z 
LU 

- 2 0 0  

J 

CONDITIONING TARGET,-150 _lo°F 

~ J  

-300 
-2LI -20 6 -12 -8 

TIME, MIN 

e. Thrust Chamber Throat, TTC- IP  
Fig. 17 Concluded 

-LI 0 

46 



i
n
 

3 

U ml 
om 
m
L
 

U U
J
 

0
.
 

~-- 
E 0 

I--- 
U 

I 

P 0 ~m 
J~ 
E
 

0 
U m~ 
D o E
 

0 c Im 
mmm 

U
L
 

o
 

~. 
0
 

A
E

D
C

-T
R

-68-261 

~ 
=, 

~ 
o., 

O 
C

3 
O 

U
!S

d
 '3~Inss3Y

d 7733 
I! 

.m 
; 

'; 
I I, 

" 
: 

: 
I i 

: 
: 

: 
! I 

m
 

- 
- 

II 
: 

: 
• 

II 

(3 
C

3 
C

:) 
0 

(3 
O

 
C

:) 
(:3 

C
:) 

(:3 
C

3 
O

 
eO

 
(.(3 

=P 
?U

 

~
I
 ] S

d
 

' 3
U
I
'
I
S
S
3
Y
d
 

Y
3

O
H

~
H

3
 

4? 



A E D C-T R.68.281 

32" 1600 

28" 

~, 24" 1200 
b 

x 20' ~ IO00 
o') 

s- o.. 
o_ 

¢: 16' u..; 800 

i,m 0'3 

" '  12' ,m, 600 
U3 ri- 

B ~00 

Lt 200 

0 0 

lqO0 

0 m=:::= 
0 

FUEL PUMP 
PRESSURE, 

NFP-IP 
I,J 

FUEL PUMP SPEEDp 

/ 

D I S C H A R G E " / /  
PFPD-2--~ ~ m  m ~ m  m 

m~mma 
~nvAm 
m~nl 
m=~e 

L INJECTOR , 
SSURE, PFJ-IA 

I J l _ _ ,  

f f J m l m m r ~ B m m m l  tml m 
I M B l ~ ~ _ _ d ' ~ - ~ n m m m m m m m m m  
m ~ ~ m ~ m m n m m n m m m m  

I 2 3 

TIME, SEC 

a. Thrust Chamber Fuel System, Start 

12 1200 

x 

z 
n 

h i  

o _  

a , .  

I 0 .  

B. 

. 

, 

. 

0 

1 0 0 0  OX I D I ZER PUMP D I SCHARGE 
PRESSURE, POPD-2--'-- X 

\ 
800 ~ . ~ - , - - ~ - - r  *v'- 

OXIDIZER PUMP ' / I -  ~ -  
SPEED, NOP-1P--~ • r 

,.,J 600 . - - "  

400 

?C__. ~ / . .  / ,,,~ssu,~. ,c-, 
200 A / 

:J/ ~ 
I 2 3 

TIME, SEC 

b. Thrust Chamber Oxidizer System, Start 
Fig. 19 Engine Transient Operation, Firing 12C 

48 



A E D C-T R.68.281 

32 

2B 

~ 2q 

× 20 
Q- 

• IG 
W 

a_ 12 
Q_ 

-~ 8 n 

q 

0 

I600 

lqO0 

1200 

] 000 ~- 
&. 

80O 
OC 

600 
¢'r" 
n 

qO0 

200 

0 
7 

' ~  ,--FUEL PUMP SPEED, NFP-1P 

I I I I I 
r-FUEL PUMP DISCHARGE 

" ~  ~ /  PRESSURE, PFPD-2 

__..- - , \ . /  ~ - _ _  
~ - .,_ - : - -  - ~  • - -  . 

\\ ~/~ ., ~FUEL NJECTOR 
v 1  / PRESSURE, PFJ-]A 

-- I 
ENGINE ~ ~ / r COMBUSTION CHAMBER 

PRESSURE, PC-3 
CUTOFF ~ " " ~  n I I I I 

8 9 

TIME, 5EC 

c. Thrust Chamber OxidizerSystem, Shutdown 

10 

12 1200 

X 

Q. 
n" 

m 

0 
ImJ 
UJ 
G. 
¢/') 

CL. 

=) 
CL. 

10 ̧  

8 

6 

LI 

1000 

= j ~,,~ /--OXIDIZER PUMP 

/--OXlD IZER PUMP DISCHARGE 
qOO PRESSURE, PC-3-kl \x/PRESSURE' POPD-2 - 

ENG I NE ~ 
200 m CUTOFF- 

S IGNAL- 
l '  I 

0 
7 

, , . . . _ ~  

8 9 10 

TIME, SEC 
d. Thrust Chamber Oxidizer System, Shutdown 

Fig. 19 Continued 

49 



A E DC-T R.68-28 i 

I000 

900 

800 

700 

] fl i 
z ~ 600 GAS GENERATOR " ' LId O. 

a. ~ ~ FUEL INJECTOR 
i-° 100 a: ~ 500 ~ ..~ PRESSURE, PFJGG-2- "GAS GENERATOR 
z :o " - OX I D IZER 
" '  80 ~ ~00 , ~,~. 

"' 601 

o 4oi 

~ 20 
0 
L 

0 

U.I 
n," 

300 

rAklnN~ 
mmkqm~m 
m m m m m ~  

i 

J 
~ :  INJECTOR I 

PRESSURE, ~ - "  
' - - - - -  • POJGG-2 ~ - -  - -  

J 

f 

200 - -  

lO0 

0 
0 

TJ 

- -  . . . .  

- -  OXl O IZER VALVE 
- - - -  - " - - ' - - -  POSITION, LOVT 

i I I I I I I 
1 E 3 

TIME. SEC 

e. Gas Generatorlniector Pressums and Main Oxidizer Valve Position, Sta~ 

2800- 

2400, 

2000. 

I.JI- 

o 1600 
n , -  

2 12oo, 
O: 

o_ 8 0 0  E 

I-- 

400' 

O. 

-400 

800 

700 

600 

A 500 
o_ rk 

~oo 

3oo 

200 \ \ 
I00 

0 
0 

f. 

I I I I I 
GAS GENERATOR CHAMBER__ 
PRESSURE, PCGG-2 - ~  

I \  y 
/ \ J 
/ \ / 

U *  ~'~/ 

1 2 3 

TIME. SEC 

Gas Generator Chamber Pressure and Temperature, Start 
Fig. 19 Continued 

50 



AEDC.T R.68-281 

!000 

9OO 

800 

7OO 
cI: 

u~ 600 
0. 

500 
ac 

u~ 
u~ qO0 
ILl 
nr 

" 300 I 
ENG I NE 

200 :CUTOFF_ 
100 SIGNAL_- 

o I 
7 

• ---GAS GENERATOR OXIDIZER 
/ INJECTOR PRESSURE, POJGG-2 ' . \ / l l l l w  

i \ ~ '  i I I t I 
. / -  GAS GENERATOR 

i : \ / FUELINJECTOR 
, , ~ PRESSURE, PFJGG-2 

/ ,  

i J 
. ~ , , , , , , . . . . . . . . .  

" , i  - 
8 9 10 

TIME. SEC 

g. Gas Generatorlniector P~ssures, Shutdown 

2800 

2qO0 

2000 

h 

= 1600 

, -  1200 
(3: 
e r  

o_ 800- 
LI.I 

400" 

O . 

-qO0 

800 

?00 

600 

e ' r  

s o o  
o. .  

,,~ ~00 n- 

t~ 

300 
nr- 
0 -  

200 .ENGINE. 
CUTOFF 

100 SIGNAL:-, 

o I 
7 

\7 

j,--GAS GENERATOR OUTLET 
TEMPERATURE, TGGO-]A 

I I I ._  
/-GAS GENERATOR CHAMBER 
B PRESSURE, PCGG-2 

~--~I I I I I I 
8 9 

TIME. SEC 

h. Gas Generator Chamber Pressure and Temperature, Shutdown 
Fig. 19 Concluded 

10 

51 



A
 E D

 C
-T

 R
-68-281 

~ 
"- &

 

° 

~ 
"~ 

, 
i-- 

i 

L 
I 

I 
, 

o 
0
 

0
 

0
 

0
 

0
 

~-01 
X 

I
~
 
°
I
-
~
H
 
°
O
U
3
H
 

6
2
 



A E DC.T R.68-281 

IO0 

0 
1.1.1 m "  

n , .  
e r  
n , 0  

O .  

~" -I00 

-200 
-qO 

I00 

0 

2 
CC 
n -  
W 
Q. 

-~oo 

CONDITIONING TARGET, -LSO + 50°F--~ 

\ 

-30 -EO -IO O 

TIHE, NIN 

a. Main Oxidizer Valve Second-Stage Actuator, TSOVC-1 

I I I I I I I  
I r l l l r l  

NO STATED CONDITION ING TARGET 

-g00 
-LIO 

100 

b. 

-30 -20 -10 

TIHE, H|N 

Gas Generator Body Temperature, TGGVRS 

0 
u . I  
re- 

r r  
n -  
LLJ 
CL. 

-!oo 

NO STATED CONDITIONING TARGET 

mm 

M U l l  
mmimm 
i i !  

-200 
-~0 -30 -EO -10 0 

TIHE. H|N 

c. Start Tank Discharge Valve Opening Control Temperature, TSTDYOC 
Fig. 21 Thermal Conditioning History of Engine Components, Firing 12D 

53 



• A EDC.TR.68-281 

u. 
0 

o~ 

t]: 
o~ 
uJ 
G. 
z 
uJ 
I-- 

aob 

I00 

O 

- 1OO 

-200 
-2q 

OX II)IZER TIJRB INE ~/ 
START TANK / TFTD 8 ~ -" 

FUEL TURB I NE ~ ~ - ~ = : : ~  

I I I I i 
, ~ . ~ ~ , [ -  T FI'D 8 CONDITIONING TARGET,! -100+ 2.5°F,---~ 

I 
-20 -16 -12 -8 -W 0 

TIME, MIN 

d. Crossover Duct, T F T D  

lOO 

h 
0 

LJ. 
n- 

~- -I00 
¢i.- 
n- 
ILl 
Q. 
Z 
LLI 

-200 

-300 
-2L[ 

\ 
CONDITIONING TARGET, -275 + 25°1: 

-20 -IB -12 -8 -~ 

TIME. MIN 

e. Thrust Chamber Throat, TTC-1P 
Fig. 21 Concluded 

\ 

54 



A
 E

D
C

-T
R

-6
8

-2
8

1
 

m
m

m
m

m
m

,
~

-
-

-
-

 
i
 

i
 

i
 

m
 

i
 

m
 

/ 

Ln 
Z L

L
 

oN
 Z

 

O
 

q
p

~
0

 

J 
lL

1
1

llllW
ll 

E
:B

IIIIi~
I 

ili_UH-__r.-._.,.._ 
illlim

iig
 

|illlil 
B

E
E

R
IE

R
 

liE
g

e
m

E
n

 
N

iB
B

liN
g

 
Ig

g
g

g
g

g
g

lg
g

g
 

Ililllilili i
l

l
l

i
 

m
l 

,cO
 

~ 
.m

 
F

m
m

~
 

C,n 
I m

 
Z 

W
 

~. 
=:. 

~. 
9, 

,.,., 
0
 

O
 

0
 

0 

U
!~d '3un~3~d 7733 

O
 

O
 

0 
0 

C
) 

C
) 

O
 

0 
0 

C::) 
O

 
C

) 
O

0 
(4:) 

~ 
t'y 

U
!
S
d
 
'
3
H
n
s
s
3
H
~
 
H38H~IHO 

a L~
4 

i- 
o

~
 

a.. 
O

R
 

u
. 

u tim
 

.~ 
(J~ 

• A
. 

.O
 

F.-- 
U

 0 
o

i 
4

- 

:l 
,.Q

 

E O
 

U
 

"O
 

P
 

O
 

P
. 

.Q
 

E 
4( O

 
P

 

"G~ 
d: 

U
J

 

L
'N

 

O
R

 
u

. 

~5 



A E D C - T  R . 6 8 . 2 8 1  

eel 

b 
M 

x 

(1. 
R- 

1.61 
1.61 
n 
U~ 

D. 

em 

32 

28' 

24' 

20, 

16 

12 

8 

4 

0 

1600 

1400 

1200 

¢---. I000 
¢o 
G. 

i,.; 800 

6 0 0 - - - - - ~  
G. 

400 ~ 

200 / 

0 
0 

f FUEL PUMP SPEED, NFP-IP--~ 

FUEL PUMP DISCHARGE ~./ ~-" -"-" 
PRESSURE, PFPD'2"~ ~ / j  f / ~ ~'-- 

mmm 

1 

-FUEL INJECTOR 
PRESSURE, PFJ-]A 

' ~ ~ ~'-- (~OMBtJSTION CI~AMBI~R 
~ PRESSURE, PC-3 m 

I I I I I 
2 3 

TIME, SEC 

a. Thrust Chamber Fuel System, Start 

12 1200 

b 

x 

a_ 
n-- 

c:; 
ia.J 
LIJ 
D- 
U') 

el 

O. 

I0 

B, 

0 

1000 

,1- 8OO 
Q. 

d 6oo R- 

U') 
U') 

400 

200 

0 
0 

- - J /  . _ - - - J  

OXIDIZER PUMP 
SPEED," NOP-1P -X J ~ 

OXIDIZER PUMF; DISCHARGE \ ~ '~ "- f 
PRESSURE. POPD-2'--~ ~ ~ f~ '  

~ "-"- ~ . ~ " ~  ~ "~'--'COM 13UST iON C i4A MI3ER 
PRESSURE, PC'3 

~ ~ "  I I I I I 

I I I I I 

f 

I 2 3 

TIME, SEC 

b. Thrust Chamber Oxidizer System, Start 
Fig. 23 Engine Transient Operation, Firing 12D 

56 



AEDC.TR.68.281 

X 

a .  
~C 

cJ 
I, aJ 

O- 

a .  

CI. 

32. 

28. 

2Ll' 

20 

16 

12 

8 

Lt 

0 

1600 

lqO0 

1200 \ 

iooo \ 

..; 800 : ~  

= ~ 600 \\ 

qo0 
,ENGINE_ 

200 CUTOFF_ 
SIGNAL-~ 

I - 

/ 

\ 

LII I 
-FUEL PUMP SPEED, NFP-1P 

,,-'FUEL PUMP DISCHARGE 
/ PRESSURE, PFPD-2 

~A I I I 
vs~__.FUELINJE~TORPRESSURE, P F J _ ] A I  I I I 

~, j  - COMBUS:I"ION'CHAMBER "PRES'SURE, PC-3 

I 
7 8 9 !0 

TIME. 5EC 
c. Thrust Chamber Fuel System, Shutdown 

12 1200 

X 

ra- 
G. 

blJ 
LIJ 
G. 
(/3 

Q. 

Q. 

I0 

. 

6' 

q, 

I000 

800 A,.- --- .,,-.,,~£~ /--OXIDIZER PUMP 
--SPEED, NOP-IP 

600 I i 
COMBUSTION. ,-"OXIDIZER PUMP DISCHARGE 
CHAMBER ...~ \ ,  ~ PRESSURE, POPD-2 

YO0 PRESSURE, PC-3 \ 

ENG INE ~,~ 
200 -CUTOFF | 

S IGNALI " ~ -  ~ ,  

0 
7 8 9 10 

TIME, SEC 

d. Thrust Chamber Oxidizer System, Shutdown 
Fig. 23 Continued 

5? 



A E DC'T R'68.281 

Z 

Q- 

o 100 
Z 

" '  80 (,..1 

"'.- 6oi 
i 
~ 40. 

~ 20. 
Q_ 

0 

1000 

900 

800 

700 
CI: 

m 600 
O .  

,.; 500 

~, 400 
LIJ 
n,- 

300 

20O 

100 

GAS GENERATOR 
FUEL INJECTOR ~ ~  
PRESSURE, PFJGG-2 ~ I I ~ I  - -  

~- I [ 'GAS GENERATOR OXIDIZER - f ~-~ 
~INJECTOR PRESSURE. POJOG-2 "~ ~ j ~  

\ / ~ /  f 
\ / . I  J 
f ~ ,~ ~,~-~ I I 

/ \~  _ .~ 7 / f  ~--MAIN OXIDIZER VALVE 
r \ \  / ~ ' *  POSITION, LOW 

o I I I I f  
0 t 2 3 

TIME, SEC 

e. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start 

2800 

2400 

2000 

°u" 1600. 
el- 

~- 1200" 
(3: m- 

LIJ 

Q- 800. "s" 
I,Ll 
I - -  

400. 

O, 

800 

700 

J 

600 GASGENERATOR C~MBER 
PRESSURE, PCGG-2-~ 

soo 

\ / \ / 
¢ 300 

200 

,oo \ Lz 
I 

~'-GAS GENERATOR OUTLET _ 
TEMPERATURE, TGGO-IA 

-400 o I 
0 I 2 3 

TIME, SEC 

f. Gas Generator Chamber Pressure and Temperature, Start 
Fig. 23 Continued 

58 



A E D C . T  R - 6 8 - 2 8 1  

1000 

900 

800 

700 
rr 

600 
o_ 

,,~ 500 
cr 

qoo 
bJ 
nm 

" 300 

w w u  

200 ENGINE- 
CUTOFF - 

100 SIGNAL ~ 

o I ' N  
? 

"- GAS GENERATOR " 
\ / FUELINJECTOR 

PRESSURE, PFJGG-2 \ /  , , , , 
I I I I 

Y ~  I I I I 
• \ , / - - G A S  GENERATOR OXIDIZER 

• INJECTOR PRESSURE; POJGG-2 

8 9 I0 

TIME. SEC 

g. Gas Generator Injector Pressures, Shutdown 

2800- 

2400 

2000- 

14-- 

° 1600 

IT- 

,- 1200 
Q: 
er  

o_ 800- 
IL l  
l - -  

q o 0 -  

O . 

-400 

800 

700 

BOO 

500 
o _  

,,~ wOO ff- 

300  
n -  
O_ 

2OO 

GAS GENERATOR CHAMBER 
PRESSURE, PCGG-2 

v \ 
ENGINE 
CUTOFF ~. 

]00 SIGNAL" ",, 

o 
7 

~--GAS GENERATOR OUTLET - - ~  
TEMPERATURE, TGGO-IA 

8 9 lO 

TIME. SEC 

h. Gas Generater Chamber Pressure and Temperature, Shutdown 
Fig. 23 Concluded 

59 



A
 E D

C
-T

 R
-68.2111 

C
)
 

'I', 
-~' 

i 
lO

 
~ 

ii" 

I 
I"kL.   

=x ,'< 
- 

• 
~ 

~ 
.
.
~
_
 
! 

~
!
 

" 

oiE
 

, 
,,'~ 

v,> 
i 

,., _= ,.,, 
>

-~
 

~ 

..~
"r 

i~
-tj 

z 
.u 

<,, <,., => ,.., ~
- ~

. 
-,,>>.~ 

-
-

~
 

~ 
,~ 

~ 
¢

~
 

~
.. 

-~
 

0 
~--' 

. 
~'J 

Z 
C

~. n,, 
~ 

u.- 
i.,J 0 

.=..~. ~=~ 
.~

 
ia=l 

ia=l 
~ 

.~
- 

~6 

z,.. 
~ 

o
-~

 
,~

 

~ 
~ 

~-- 
~

--'"
 

z 
~ 

~ 
~' 

._
i 

,,~
 

,.-~ ,.~ 
..~. 

i-- 
Z 

,-= 

' i,#"i ~ 
~ 

~,,..,i I,.-- i.i. ~ 
I
-
.
.
 

Z 

0 

I 
I 

I 

(:3 
(:3 

C
::) 

(:3 
(M

 
--, 

~-OI 
X 

I~ 
'I-3H 

'O~3H 

6
0

 



A EDC-TR.68.281 

100 

& 0 

L~ 

- ]oo 

-200 
-qO 

i00 

O .  

COND IT ION ING TARGET, - ~ • 5~  -- 

-30 -20 -10 0 

TI~E, HIN 

Hain Oxidizer Valve Second-Stage Actua~r, TSOVC-! 

0 
LU 
CC 2 
CC 
CC 
144 
0 .  ~ -100 

NO STATED CONDITIONING TARGET 

-E00 
-40 

100 
I 

-30 -E0 -10 

T]HE. HIN 

h. Gas Generator Body Temperature, TGGVRS 

0 

r 

cc 
ee- 
W 
G. 
z -I00 

NO STATED CONDITIONING TARGET 

-200 
-40 -30 -20 -IO 0 

TIME. NIN 

c. Start Tank Discharge Valve Opening Control Temperature, TSTDVOC 
Fig. 25 Thermal Conditioning History of Engine Components, Firing 12E 

(;1 



A EDC-TR-68.281 

200 

lOO 

U. 
o ~------- ~.._~' 

OC 

~- 0 oc -TFI"D-3-'- 
OC 

O.  
X 

I I 

-IOO 

-200 
-211 

+0 _TFTD~8~.._ COND IT ION ING TARGET, 50 _500F--~ 

_ ~ . / / / i , / / i " / / / .  ~/'///~ , / / / / ~ / / / / / I / ' / / / / " / ' / / / /  
TFTD-4 ~ I I I I I I I 

• OXLDIZER TURBINE 

STA RT TAN K l_~,--- - - - -J '~, , , , .~" :~~ Tn D. 8 

, C, ROSSOyER ou,cr -~ ,,,D-3 A,,,D 4 , 

-20 -16 -12 -8  -q 

TIME, MIN 

d. Crossover Duct, TFTD 

I00 

~ 

IJ.  
o 

n.- 

-I00 
tv- 

O. 

DJ 
b- 

- 2 0 0  

CONDITIONING TARGET, -150 + ~ O F J  

2 

-300 
-2u, -2D -16 -12 -8 -~ 

TIME, MIN 

e. Thrust Chamber Throat, TTC-1P 
Fig. 25 Concluded 

0 

62 



A E D
C

-T R
-68-281 

IXT 

\ (:3 

\ 

,{E
 

Z 

v-i 
LL 

In 

' 
~ 

\ 
~ g 

~ 
~: 

~'; 

~-~ 
~ 

.-: 
: 

(_1 
t/l 

I 
\ 

: 
=~" 

-' 
~

0
 

L 
~
 

Z
 

m 

O
C
.
~
 

.
~
Z
 

9
 

~
 

9
 

~
'
~
 

0 
(:3 

O 
O 

O 

&l. 

UISd 
'3urISS3Ud 7733 

i 
I 

i 
i 

i 

Q
 

(:3 
0 

(:3 
(3

 
(:3 

C
) 

Q
 

0 
(:3 

C
) 

(:3 
eO

 
LO

 
::14 

('M
 

U ] S
d
 
' 3U

F
I
S
S
3
U
d
 
U
3
O
H
U
H
g
 

63 



AE DC-TR-68-281 

32 1600 

9 
(:3 

X 

Z 
O- 
er" 

O- 

O- 

::) 
O- 

2B 

24 

20 

16' 

12' 

8, 

:t 

1400 

1200 I 
,--FUEL PUMP SPEED, NFP-1P- 

1000 FUEL INJECTOR//'\m / I I I I 
,., PRESSURE, j ~ /--FUEL PUMP DISCHARGE__ 

PFJ-1A- / /'~, PRESSURE, PFPD-2 
° , o o  . _  _ _ _  

6oo / ""~:OMBUSTIO ,~ 
CHAMBER / 

~" / PRESSURE, i ~ " ~  / 
400 t PC3x/~' I k J  \ 

/ r " Y  \\ 200 / ~ ' - - ~ , ~ "  ~k... \ 

0 ~ ~ ' - - - -  I 
0 1 2 3 

ENG INE CUTOFF S IGNAL 
TIME, SEC 

a. Thrust Chamber Fuel System, Start and Shutdown 

b 

X 

Q_ 
o -  

C~ 
LIJ 
h i  
O-- 
0") 

O-- 
T "  

O-- 

12" 

!0 

1200 

1000 

cc 800 

U~ 
0- 

,,; 600 
i v -  

t r )  
( / ' )  

400 a_ 

200 

0 
0 

IIIII1^  
OXIDIZER PUMP DISCHARGE- 
PRESSURE, POPD-2"-~ ] I 

I I I  \jL 
OXIDIZER PUMP / *  - /  
SPEED, NOP-1P--~ 

, , , , / ' / - " k  
I I I ~ / "  

_COMBuSnON CHAMBER_ 
PRESSURE,,PC-3---~I ~ "  /'~ 

I? r" ~. .---,'/ J 

\ 

1 2 
ENGINE CUTOFF SIGNAL 

TIME. SEC 

b. Thrust Chamber Oxidizer System, Start and Shutdown 
Fig. 27 Engine Transient Operation, Firing 12E 

m 

64 



A E D C . T R . 6 8 - 2 8 1  

Z 

E:) 

I - - .  
Z 
U..I 

n,- 

0.. 

I - - -  

0 
O .  

I000 

900 

lO0 

80 

60 

40 

20 

0 

800 

700 
m- 

~n 600 
Q_ 

500 
w,- 

400 
1.61 

o_ 300 

200 

GAS GENERATOR 
OXIDIZER INJECTOR 
PRESSURE, POJGG-Z-~ , ~  

, I I ;,/ x 
,~ GAS GENERATOR ,// \ 

PRESSURE, ~' \ ,-MAIN OXIDIZER VALVE _ _  

\i PFJGG-2 7 , )( POSITION, LOVT 

/ \  . / ~  A \ 
I \ / ~ j J  .~ ~ .  ( 

Ioo "-- i \1 \ ~ 

0 A 17,\~ 

0 I 2 3 

TIME, SEC 
ENG INE CUTOFF S IGNAL 

c. Gas Generator Injector Pressures and Main Oxidizer Valve Position, Start and Shutdown 

2800- 

2 q o 0 -  

2000, 

I i .  

" 1600, 
uJ 

2 12oo, 
OC 
nm 
L61 

o_ 800 
UJ 

400' 

O, 

-400 

8oo I I I I I 
/--GAS GENERATOR OUTLET 

700 /TEMPERATURE, TGGO-IA 

_ _  GAS GENERATOR.J\ / 
600 ~C~MBER / \ , 

cc -- ~PRESSURE," / \, / 
;, SOD -~PCGG-Z~ I " 7 - -  

~oo \ 7".. / I ̂  

300 
Q- 

200 \ !- / \ _ _  r j  \ 
4 

1oo:= \ i J \ ,  
o " ~ - - f - - '  I x . j  

0 I 2 
ENG I NE CUTOFF S I GNAL 

TIME. SEC 

d. Gas Generator Chamber Pressure and Temperature, Start and Shutdown 
Fig. 27 Concluded 

65 



A
E

D
C

.T
R

-68-281 

! 
, 

0 

/
 

I 
-
~
z
 

-v
. 

_
~

'7
-q

,.z ~
 N

 

'1' 
"- 

z 
~ 

i 
"z>%

 
I 

_
N

 = 
~ 

(., ,,.F ,,=, 
-"O

z> " 

._..~ _
 

,~
: 

(D
 

.,¢
: 

"r 
m

 
,d

 
_~ 

,~ 
"' 

"" 
-- 

~- 
z 

,v 

o
-r 

_ 
o

o
rv

, 

I 
I 

I 
c:) 

0 
0 

0 
0 

0 
:=p 

P') 
P
d
 

"-' 

~-01 
X

 13 
'I-3

H
 

'0U
3H

 

66 



I00 

A EDC-TR.68-281 

0 

CC 

C~ 
n,- 
UJ 
r, 

,.=, -~oo 

-200 
-~0 

100 

0 
w n,- 

4~ 
n -  
lad 
G.. 

,.=:, - ] o o  
I,,- 

a .  

CONDITIONING TARGET, -LSO + 50°F 7 

II, 

.... ,... ,.../. .//, y /~  >./ /~/ / .  ~/, y,~ ~/~v/" L ,?'//"/,/~ 

-30 -20 - I 0 

T]HE. HIN 

/~ain Oxidizer Valve Second-Stage Actuator, TSOVC-1 

I i ! I I I I 
I I I I I 1 I 

NO STATED CONDITIONING TARGET 

P, 

-200 
-qO 

100 

0 

n -  

2 

laJ 
O.. 

-100 

b. 

-30 -20 -10 

TIHE. H]N 

Gas Generator Body Temperature, TGGVRS 

I 
I 
I 

NO STALED CONDITIONING TARGET 

-200 
-~0 -30 -20 -10 0 

TIME, MIN 

c. Start Tank Discharge Valve Opening Control Temperature, TSTDVOC 
Fig. 29 Thermal Conditioning History of Engine Components, Firing 12F, 

6? 



AE DC.TR-68-281 

b. 
0 

G. 
Z 
bLl 

200 

I00 

-I00 

-200 
-21 

,,...- f,TFTD-2 

i/"~C~'~'1~7"///17///~*/////I/////"////~////I////i';" 
O ~ R B  iNE ? t~--COND ITIONING TARGET, 

" START TANY,- -~4 - " -9  / TFTD 8 ~ +0 
. . . . . .  - , O _ , o  o, 

TFTD-2 J ~ i / ~ " " ~ '  
CROSSOVER'~UCT_/ '- TFTD-3 and 4 

I I I I I I I I 

-20 -16 - 12 -8  -~ 0 

TIME, MIN 

d. Crossover Duct, TFTD 

100 

0 

U- 
0 

u; 

-100 
C~ n- 

bd 
(I. 
s -  
IL l  
p- 

-200 

I -  ~ CONDITIONING TARGET, -1.50 +20OF'I0 

-,,,. 

-300 
-2u, -2D -16 -12 -8 -~ 

TIME, MIN 

e. Thrust Chamber Throat, TTC.1P 
Fig. 29 Concluded 

68 



A
E

D
C

'T
 R

.68.281 

C
)
 

IIIIIIIIIIIIIIIIIIll 
I 

IIIIIIIIIIIIIIIIII 
Illlllllllllllllll 
Illlllllllllllllll 
lallilllllilllllll 
II~iilllllilllllll 

i 
lii~lillilllllllll 

i 
IlllO

Illlm
llllllll 

llllllllili~m
~llR

i 
ilim

inlR
i~~iiili 

I 
m
 i
 i
 i
l
l
 i
m
m
,
-
~
4
m
R
l
i
l
l
i
l
~
i
m
 •
 
~
 

~
I

I
I

I
~

I
I

 
l 

| io 
z
°
'
I
 

O
 

.! 

M
m

 
m

 
i 

- 

~. 
~ 

~. 
~., 

C:) 
(:3 

0 
C::) 

0 

0
 

°
i
 

..R 
E
 

0
 

U
 U
 

.e_ 

E
 

<
 0
 

C
 

o
~
 

.
m
 

0
 °
~
 

~
L
 

ISd 
"3UFISS3Ud 7733 

i 
! 

! 
i 

o 
o 

o 
o 

o 
O

 
O 

Q 
O

 
O 

O 
0 

O
O
 

t
O
 

~ 
C~d 

U
I
S
d
 
"3UI7SS3~d Y

3
O
W
U
H
3
 

69 



A E D C.T R.68-281 

f l l  

X 

' r  
Q-  
CC 

c; 
I.¢/ 
LI.J 
C L  
U') 

G .  

Q -  

32 

28 

2q 

20 

16' 

12  

8. 

q, 

0 

1600 

1400 

1200 

1000 0") 

O- 

u.; 800 
n -  
.-.,j 
u ' )  

600 
C C  
O_ 

qO0 

200 

0 
0 

--COMBUSTION 
CHAMBER 

- -  PRESSURE, PC-31-.-.- ~ 

/ 
i / 

, L ! 
FUEL INJECTOR 
PRESSURE, PFJ-1A 
.... 1 . . . .  ,,'1 

I 
c 

/ 
f 

I I ' 
! ; i 

~/--F'UEL I~UMP SPEED, NI~P-1P ' 

, i l l !  
-FUEL PUMP DISCHARGE 

" \ PRESSURE, PFPD-2 

t ! 

2 ' 2 
ENG INE.CUTOFF S IGNAL 

TIME, SEC 

a. Thrust Chamber Fuel System, Start and Shutdown 

m 

b 
M 

:IC 

'm" 

O. 
n" 

c5 

a- 

Om 

a-- 

12 

I0 

6 

. 

. 

1200 

I000 

oc 800 

13_ 

600 
C C  

qoo 
Om 

200 ,~ 

- - 4  0 
0 

OXIDIZER PUMP DISCHARGE 
PRESSURE, POPD-2- 

I 
OXIDIZER PUMP 
SPEED, NOP-1P-"~ 

Ii 
_J  

r ~ /--COMBUSTION 
• J CHAMBER m 

,,/ / "~ ~"~ PRESSURE, PC-3 

/ , , . ' \  

NGINE CUTOFF S IGNAL 
TIHE, SEC 

3 

b. Thrust Chamber Oxidizer System, Start and Shutdown 
Fig. 31 Engine Transient Operation, Firing 12F 

?0 



A E D C - T  R . 6 8 . 2 8 1  

Z 
W 
n 
O 

l-- 

Z 
W 

as 

0- 

0 

U'1 
O 
Q.. 

I000 

900 
i 

8O0 

700 
elf 

un 600 
0- 

I00. ~ 500 
nr 

8o. ~, ~0o 
as 

BO' 0_ 

40' 

2o~ 
0 

300 

200 

100 -- 

0 
0 

I I 
GAS GENERATOR 
FUEL INJECTOR 
PRESSURE, PFJGG-2w .AI 

, , I / ~ *  
A GAS GENERATOR / d r i\ 

OXIDIZER / / /  \ 
INJECTOR / j ' "  i \ ,--~ 

\ PRESSURE, / 
POJGG-2 7 d ~* " i /  ~ 

~, ~ / 7  ', \ 
I ~, ~ ~ ./ ' i l  

/ \ / __J ...----~"7 [ 

,- , \ [ \  
/ I ';, ~ 

I 2 

,'-MA I N OX I D IZER VALVE 
X POSITION, LOVT 

\ i  

TIME, SEC ENGINECUTOFF SIGNAL 

c. Gas GeneretorlnjecMr Pressums and Main Oxidizer Valve Position, S~rtand ShuMown 

2800 800 

2400 

2000 

U- 

o 1 6 0 0  
~A 
as  

] 200 
C~C 
as 
b_l 

a_ 800 
h l  

qo0 

0 

-400 

700 

600 

5OO 
OL 

,,~ 400 
as 
:D 
(Jr) 

3oo 
n-  
O.. 

2OO 

]00 

r-GAS GENERATOR OUTLET 
. , , /  TEMPERATURE, TGGO-1A 
/V  

, I A 
\ / ~ l /  /--GAS GENERATOR CHAMBER 

I / ~ f~  
t / j "  " ~  

I / 
v 

\ q,,.. i / ~ j  ENGINE 
CUTOFF' 

~ , . . . - _  ! SI~NAL~--"', t - -  

0 
0 l 2 3 

TIME. SEC 

d. Gas Generator Chamber Pressure and Temperature, Start and Shutdown 
Fig. 31 Concluded 

?1 



A
E

D
C

-T
R

-68-281 / \ 

~ 
(/I 

I.L.i ~
, 

I.aJ 

I~
 

"" 
e,.~

 Z
~

-
-

 

~e. ''=' e < 
~... 

E~~-~ -< 
I-- 

I--Q
 

~ 
IL

l--- 

g Z
 , 

I 
I 

I 

0 
0 

Z
 

m
 

e~
 

W
 

L
L

Im
 

(,¢) 
~

v
, 

._~A
~ ~ 

z 

Z 0 
m
 

w rw
 

0 
Q 

(~j 
.-4 

0 (ID
 

0 
0 

X
 

:ff 
0 _.1 
i, 

m
L
 

I
=
 

b
 

o
m
 

m
L
 

o" 
U

 
I: 
0 e 

L
 .2 W

 
I=

 

E
 

I-- 

1! 

E
 D

 
I1

_
 

I- 
lL

 

¢-0! 
X 

1
3
 
'
[
-
~
H
 
'
0
~
3
H
 

"{2 



TIME FROM t 0, SEC 

I I I I I .__4_ 

l 
~ 2.4 

~o l~[,%~dVs~om~os,no N :~; : 

.~ z.8 I 
0 2 4 6 8 10 12 

a. Thrust 

6.0 

14 

2.0 

L~ 
I N  

d 5.0 

l.l,,l 

:: 4.0 I,,,,- 
X 

Z 

~ 3.0 Z t ~  

]2 

PROPELLANT UTILIZATION - 
I I ~ 1 I I VALVE EXCURSION FROM 

0 2 4 6 8 10 

TIME FROM t 0, SEC 

b. Mixture Ratio 

Fig. 33 Thrust and Mixture Ratio Transients during Firing 12A 

14 

A EDC-T R.68-28 ! 

T3 



A
E

D
C

.T
 

R
.68.281 

• 
• 

• 
| 

%
~ 

l 
I 

I 
I

~
 

I 
I 

I 
I 

I 
e 

t 
: 

• 
E

L
 

tv
 

I 
I 

I 
I 

p,~ 
I 

I 
I 

I 
I 

I 
I 

I 
i 

I 
I 

I 
I 

i{E
 

I 
I 

I 
I 

I 
: 

; 
; 

; 

I 
I 

I 
I 

~ 
I 

I 
I 

I 
I 

~ 
; 

-" 
I 

l 

.
.

.
.

 
¢~0 

~ 
I 

I 
I 

• 
" 

I 
I 

I 
I 

I~ 

• 
~ 

' 
O

 
I 

I 
I 

" 
I" 

I 
! 

I 
i 

l 
i 

I 
I 

" 
" 

: 
ILl 

I 
' 

; 
" 

~1~ 

Z
 

w
 

X
 

~
z 

~ 

~ 
Z

 
t~

 
• 

N
 

,.u
,N

 
- 

" 

Z 
,--~

 
,,~

 
~ 

t~
 

f~
 

m
,.,. 

+ 
+ 

+ 
+ 

] 
~ 

z 
E 

n-, 
9 

.,.,~ .,.,o 

o 
0 

0 

(,,i 

~_0T X :18"1 'lSl'l~Hl 
(]3ZI'IVW

~i0N 

u
'~

 

74 



A E D C - T  R - 6 8 - 2 8 1  

b 
m,,,! 

x 

T-  
O... er" 

c~ 
I.iJ 
IJJ 
o_ 
t o  

o .  
mr- 

I L  

32, 

28- 

2Li ̧ 

20" 

16 

12 

8 

0 

1600 

lqO0 

1200 

¢--, I000 
o_ 

,,~ Boo n "  

0'1 

600 
er- 
a.. 

qO0 

200 

O 

- -  OPEN PROPELLANT UTILIZATION VALVE POSITION FIRING ].2A) 
. . . .  NULL PROPELLANT UTILIZATION VALVE POSITION (FIRING 12E) 

FUEL PUMP SPEED- 
I I I 

~LIEL PUMP" / 
r DISCHARGE ,A 

PRESS URE "Jl '~/"~' 

O I 

f ~  

i I j "  

j r "  
I / !  

j j r J - -  

i 

¢~,,,I i 
"%-MAIN CHAMBER PRESSURE 

~ _  3 
ENG INE CUTOFF S IGNAL, F IR ING I2E 

TIHE. SEC 

a. Thrust Chamber Fuel System 

b 

x 

.,e- 
l l  
n'- 

LiJ 
UJ 
O.. 
0'3 

I L  
, r  

Q,. 

12- 

10- 

, 

6 

q 

2 

0 

1200 
OPEN PROPELLANT UTILIZATION VALVE POS ITION (FIRING 12A) 
NULL PROPELLANT UTILIZATION VALVE POSITION (FIRING I2E') 

 ooo . . . . . . .  

I OxIO,ZER PUMP 
6OO ~DISCHARGE PRESSURE~" m . _ ~  ~ .._.p... 12~ 

qo0 

- -  ~ ~ I - ~  ~,N C,AMB-~'-F;RESSURE / 

oo 
ENGINE CUTOFF SIGNAL, FIRING 12E 

TIME, SEC 

b. Thrust Chamber Oxidizer System 

Fig. 35 Effect of Propellant Utilization Valve Position on 
Engine Start Transients, Firings 12A and 12F 

75 



A E D C-T R -68-28 i 

r l -  

Z ( / )  
I~1 a -  
n 

o lOG 
nr- 

Z 

"' 80 I--I 
nm ILl 
bd nm 

o_ 60 o_ 

o qO 
I , -"  , 

~ 20- 
D 

0 

C,  

1000 

900 - -  
I 

8OO 

7OO 

6DO 

5O0 

qO0 

3OO 

2OO 

]00 

0 
0 

- -  ()PEN I~ROP[:LLAI~T UTiLIZA:I'ION'VAL~ POSlTIO'N (FIRING 12.A)- 
------ NULL PROPELLANT UTILIZATION VALVE POSITION (FIRING 120 - 

' ' ' ' I I 

\ 

j" \ 
r 

I 
,~ S * 

I~ ,Y / 
II GAS GENERATOR / /  / 
~, OXIDIZER mJEC'rOR Z ,  / 
~I PRESSURE F-] , / /  ,~r 

I , / /  
I ,/f/GAS GENERATOR 
~. /),;~ ~" FUEL INJECTOR ~. 

','$ f 

/ 

J 
f 

J 
J 

/ 
f 

J 
f 

PRESSURE d.-, / 
_..~-~" ~ m  I I I 

~" ~"~ -MAIN  OXIDIZER VALVE POSITION" 

, I I  l i  
2 3 

-ENGINE CUTOFF SIGNAL, FIRING 12E 
TIME. SEC 

Gas Generator Iniector Pressures and Main Oxidizer Valve Position 

2800 

2400 

2000  

Um 

o 1600  

i f -  

2 12oo. 
(I: 
n'- 

Q- 800 
lzJ 

qOO 

-400 

8O0 

700 

600 

¢ T  

500 
G. 

,,~ woo 
nm 

S 30o 
nr" 

200 

]00 

0 
0 

d. 

- - O P E N  PROPELLANT UTILIZATION vALVE POSITION '(FIRING 12A) 
. . . .  NULL P ROPEU.ANT UTILIZATION VALVE P OS I TION IF I RING 120 

i | i i I 

i~r- GAS GENERATOR 
' !i OUTLET TEMPERATURE 

.t .k , _/" 
I , .}," ' / ; / \  --,-, ; "  
\ i /  "., '  / 
' \ II ' ~ "  

\ V , . . 4 .  

/ . , ~ /  
\ ,- 

4" 
J 

~--GAS GENERATOR 
CHAMBER PRESSURE 

! I I 
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A E DC-T R.68-281 

TABLE I 
MAJOR ENGINE COMPONENTS 

Par t  Name PIN S/N 

Augmented Spark Igniter  Assembly 

Augmented Spark Igniter  Oxidizer Valve 

Auxil iary n i g h t  Instrumentat ion Package 

E lec t r i ca l  Control Package 

Fuel Bleed Valve 

Fuel F lowmeter  

Fuel Injector Tempera ture  Transducer  

Fuel Turbopump Assembly 

Gas Generator Control Valve 

Gas Generator Fuel Injector and Combustor Assembly 

Gas Genera tor  Oxidizer Injector and Poppet Assembly 

Gas Generator  Oxidizer Supply Line 

Helium Control Valve (Three-Way) 

Helium Regulator Assembly 

Helium Tank Vent Control Valve (Three-Way) 

ignition Phase Control Valve (Four-Way) 

Main Fuel Valve 

Main Oxidizer Valve 

Main-Stage Control Valve (Four-Way) 

Oxidizer Bleed Valve 

Oxidizer F lo~me te r  

Oxidizer Turbine Bypass Valve 

Oxidizer Turbopump Assembly 

P re s su re -Ac tua t ed  Purge Control Valve 

P re s su re -Ac tua t ed  Shutdown Valve Assembly 

P r i m a r y  Flight Instrumentat ion Package 

Propel lant  Util ization Valve 

Res ta r tab le  Ignition Detect Probe 

Star t  Tank 

Start  Tank Discharge Valve 

Star t  Tank F i l l /Ref i l l  Valve 

Start  Tank Vent and Relief Valve 

Thrust  Chamber Body 

Thrust  Chamber Injector  Assembly 

309360-91 

308880 

704090-21 

502670-51 

309034 

251225 

NA5-27441 

460390-181 

309040-31 

308360-11 

303323 

408710 

NA5-27273 

558130-111 

NA5-27273 

558069 

409920 

411031-21 

558069 

3O9O29 

251216 

409940 

458175-111 

558126 

558127-11 

704095-21 

251351-51 

NAS-27298T2 

307579 

304386 

557998 

557838-XI 

15-205875 

XEOR-933703 

4071414 

4079065 

4075163 

4081'/48 

4084042 

4074110 

AA013283F66 

4073647 

4O78292 

4090406 

4092975 

3726659 

372452 

4061139 

379313 

8313398 

4074288 

4072666 

8284312 

4084035 

4075154 

4081832 

6610105 

4073862 

4074549 

4074730 

4075182 

203 

0098 

4086957 

4091617 

4075413 

4062445 

4089721 

78 



A
 E

D
C

-T
R

-6
8

-2
8

1
 

w
 

m
 

0 uJ 
=

Z
 

I 
I 

I 

.~
 

~ 
~ 

"~
 

0
 

~
 

0
 

~
 

0
 

~
 

~o 
~o 

~o 

u 

i~1 
o 

o 
0 

0 

0 
~ 

co 
~ 

O
2 

0
 

4=
) 

0 

o 
*r,t 

0 
, 

U
 

0 o.. 

i 

q
~

 

e~ 

r~ 
r~

 

0 

i 
i 

I 

0
 

0
 

• ~ 
o 

~8 
O

~
 

o.~
 

o 

7
9

 



A E
D

C
.T

R
-68-281 

¢
J"O

 
m

 
0 

Z
 

o_ 
I,- 
<

 

w
 

u
- 

~ 

m
 

0 
.0

 

z 
~ 

Z
 

0 

m
 

m
 

m
 

U
 _m 
G. 

~
m
m
m
 

-~
z 

~ 
m

L
U

 
<

z 
~ 

~
'o

 
~ 

pc; 

o 
:2, 

~ 
~ 

~ 
• 

z 
~ 

0 
o 

o 
z 

~ 
ILl 

i 

°~
 

~ 
~ 

~
o

~
 

~ 
~ 

~ 

80 



co 

TABLE V 
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE 

Turbopmup and Gas 
Generator P u r l e  
(Purge Manifold 
System) 

C ~ ' . ~ e r  Dome and 
Gue O e n e r m r  Liquid 
O~gen Injector 
( ~ l n e  Paeumatte 
System) " 

Oxidizer Dora@ 
( Facil i ty Line 
to Port CO~A) 

OxJ~Uzer Turlxqmmp 
In te rmed~te  Seal 
Cavity (Engine 
Pneumatic System) 

Thrust  Chamber 
Jueket 
(Customer Connect 
Panel) 

Thrust  Chamber 
Temperature  
Cou~Lttinnin~ 

P~u~p Inlet 
P re s su re  end 
Temperature  
C o n d t t l ~ , q  

KT,;,-,gen Start Tank 
and Helium Tank 
P re s su re  and Tem- 
lerature  Conditinnhq 

C r o s s o v e r  

Duet 
Temperature 

Main Omdizer Valve 
Temperature 

. Condittonin~ 
n 

Helium; 81 - !~0 pals  
S0 - 200"F 

(Nominal 0 actm 
at Customer ~onnect) 

a ~  

H e U u m ;  1 4 0 0  p a ~  
5 0 -  100~F 

(Nmnlnal 250 actm 
at Customer Connect) 

Nitrogen; 415 - 075 paiz 
I 0 0  - i 0 0 ~ F  
175 - 2 3 0  s c t m  

H a U o m ;  1 4 0 0 p s i g  
8 0  - 100"F  
2 6 0 0  - 7 0 0 0  a e / m  

Nitrogen; 105 - 210 pete 
100  - 2000F  

Nominal I00 set... 

Helium; 05 - i00 pals 
Ambient 
Temperature 

Helium; 1000-paiz Maximum 
Temperature  88 
Required 

Oxidizer; 35 to 48 peiz 
- 2 9 0  to  280~F  

Fuel; 28 to 40 pain 
- 4 2 4  t o  - 4 1 6 " F  

Hydrogen; 1200 - 1400 pain 
-140 to -$00"F 

HaUum; 1700.  3250 I~ la  
- 1 4 0  to  - 3 0 0 ~ F  

HeUum; -$00"F to 
Ambient 

Propellant - Oxidizer 

t - 80 t -  7o t - 6 0  t - S 0  

~ - . ! !  ,,,,,t Drop 

I 

 111111  //  

Time. mfa 

t - 4 0  t -  $0  t - 2 0  t -  I0 

i - m l n  M l n ~ u m  --7  

I see (Supplied by 
UniOns Helium TMk dm4n8 
Start  and Cutoff TrmmlentSo ..4n 
Purge on for Duration of 
Fuel l * i  d at ~. . -~, ,  Start) 

I 

glll//////~ Y/////ll/~ ~1//I/////~ g///////ll~ ~//A 

t - 0  i 4  
t 

~/////,~ /I////////,~ 'i//////////i~ ~//////~ 

O u s t  , . , , . . . .  ~////////~ 
v _ 

Main-$t~qe Operation 
(Supplied by Bngine , -~  
Helium Tank) 

Onai 

" ~  -" V/////I//A C,,+^rf 

l 
I 

i1,~11111111~ 

~//I//II/~ 'Fi/I//////~ 'FI/II//II/~ '/ill////ll/~ 'III////////¢ '/II//I///I~ 

~11111/1~"1/1111111~ 

~////////~ ~////////~ ~/////////~ ~////////~ ~////////~ ~////////~ ~///////~ 

~/////////~ ~////////~ ~ ~///////~ ~VH//////~ ~//////////A 
Ic(mditioning Temperature  to be Maintained for the Last  30 man of P r e - F i r e  

) ,  
m 
[3 
('1 
s 

-4 
~O 
& 
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TABLE Yl 
SUMMARY OF TEST REQUIREMENTS AND RESULTS 

F i r i n g  N u m b e r :  J 4 - 1 9 0 1 -  

T i m e  Of I ~ y .  h r lF~ t~ r  Da te  

; ' ~ - ,m4 re  Alt i tude  s t  E n ~ n e  $ , t ~ ,  t t  (He r .  1) 

F I r i s~  Du ra t i on .  s¢c (D  

: P reoou re ,  IPels 
Foa l  P u m p  In le t  CoaSt l ines  

a t  Wnl~ae S t a r t  T e m p e r a t u r e ,  *F  

P ressu re ,  ps ia  
O x l d ~ e r  P u m p  In le t  
CODd I~  a t  Eng t~e  S ta r t  T , , ~ :~ ; ' a t u re .  "F  

P ressu re ,  pe /~  
S t s r t  T a n k  C o ~ d i t ~  a t  
~eq~i~e S t a r t  T e m p e r a t u r e ,  " F  

HelAu~ T a n k  CO~nt io~s  P r e s s u r e ,  I~ / a  

a t  E ~ b l e  S t a r t  T e m p e r a t u r e ,  " F  

I Throat, 
~ a r u e t  C h a m b e r  T e m p e r W ~ r e  T T C - I P .  

a t  IL~qrkne $tartlt~ *F &ve rsge  

T F T D - 3  

Cr o l move r  Duct  TZ _nsperslure T F T D - 3 / - 4  
=t zncu~ Stsrt. " ~  

TFTD-B 

Main  ~ e r  Valve  Second-S tage  A c t u a t o r  

T--.-:--- . t u r *  at Engin~  Sta r t .  "I  r ~  

Fue l  [ . ead  T i m e ,  sec  ~ )  
; ' . . . ; - - ~ l : n t  b t  ~c4n .  T i m e ,  ra in  

: ' . u l ~ ; l an t  Rec i rcu la t lon  T i m e ,  m~n 

Stmu-t S¢¢ luence  ~ e  

TOBS - 1 

Gu  G e n e r a t o r  O x i d i z e r  8up64y L i n e  TOBS-2  
T e ~ r a t m  a t  ~ S t a r t ,  "F  

T O B S - 2 B  

~ms-t ~ s a k  DiscqmrL~ Valve  Body T e m p e r a t u r e  
s t  ~ S ta r t ,  *It  

~ m  

re . r i ce  T ime ,  sec ,  h - r an  t o ,  VSC-1 .  - 2 ,  and  -3  

Gas G e n e r a t o r  Ou t l e t  ~ l n / t i a l  P e a k  - - - 

T e m p e r a t u r e ,  *F  t.~_~p.~ .__ 
m 

T h r o e t  C~smbmr  1/~/t lo~ (Pc  " I00  p e h 0  T i m e .  

,e~ ( ~ t ,  to) ~ " ' -  
Ms:In Oxidizer Val~,~ S¢cood-stal~ Initial 

. . . .  e . t .  s i c  (~ f .  to~ )  " ' "  

Maln-Sta~eP~'~, . . . .  No. |. s e e  (Re~. t 0 ) ~  - - -  

T i m e  C h a m b e r  PPeasl~Pll AttaJn~ 550  pml~ .  s ~  

. ~4 .  ~ " ' -  
1 ~  C~Ji/s~tLon Va lve  Poa i t i (~ .  
= - -~ . . -  S ta r t l t o  + 10 s ee  

Notes :  ~DDat~ r~ducecl f r o m  o~c f l l og ram.  

~ = n p o m m ~  coachtsan/n~ to  be m a t o t a / n e d  w/thin l / m / t s  
f o r  l u t  16 m m  be fo re  en�/ne a t a r t .  

~ C o m p o ~ . n t  c o n d l t i c ~ u g  to  be m a i n t a i n e d  wi th in  l i m i t s  
f o r  l a s t  30 ra in  be fo re  enRLme ~ t a r t  o r  coas t  du ra t i on ,  
wh /cheve r  is Iom~er.  

12A 12B 12C 12D 12E 12F 

1 ~ / 6 6  1 ~ / 6 ~  L40o 10/3/69 ~ > ~ 6 6  ~ 6 ~ o / ~ s  1715 10/516~ 
lOO, 000  86~ OOO ]O0,  000  97 ,  OO0 400 ,000  97 ,  OO0 lO0 ,000  961600  lO0 ,000  .9 ,8 ,500  100 ,  000  100 ,  000  

32 .5  12 ,522~  1 33 .5  32.  571 7 .5  7 ,583  7 .5  7.  582  ~ )  1. 473  (~  1. 660  

41±1  40 .9  26 .5  +~ 26 .8  41±1  40 .9  26 .0+  1 26 .8  41~1  41 .0  41 i l  41 .3  

-421 .4  ~c 0 ,4  - 4 2 1 . 5  - 4 2 1 . 4 ± 0 , 4  - 4 2 1 . 4  - 4 2 1 . 4 ± 0 . 4  -421 ,6  - 4 2 1 . 4 ± 0 . 4  - 4 2 1 . 7  -421 .4  ± 0 .4  -421-4  -421 .4  ± 0 , 4  - 4 2 1 , 4  

+ 1  , 1  4+ 4 5 2  45 -~0 4 +.  5 45 ~'1_ 4 3 . 6  45 -0 46 .0  33  • 1 33 .1  45  -11 4+. 3 

- 295 ,O  ±O ,4  - 294 .8  - 295 ,0  ± 0 ,4  - 295 ,  O -295 ,0  ± 6 ,4  - 204 .8  - 295 .0  ± 0 .4  - 29+ ,  3 " - 295 ,0  ± 0 ,4  - 295 ,  O -296 ,0  ± 0 ,4  - 295 .1  

1400 ± 10 140+ 1400 ~ 10 1401 1300 ~ 10 1305 1200 i 10 1196 1400 i 10 1394 1300 ± 10 1306 

- 270  ± 10 - 370  - 270  :k 10  - 270  -+O0 ± lO  -+O I  - 140  • 10 - 140  - 270  ± 10 - 270  - 300  ± 10 - 200  

- - -  2129  - - -  3177  - - -  2177  - - -  2220  - -+  2184 - - -  2141  

. . . .  269  . . . .  3"/0 . . . .  303  . . . .  134 . . . .  270  . . . .  300  

• +20  +20  
-150 +20_10 -146 -2"/3 i 25 -277 -150 +20.~ -153 -275 ± 25 -2'/9 -150 -10 -145 -150 -IO -152 

. . . .  149 . . . .  297 . . . .  104 . . . .  280 . . . .  190 . . . .  160 

+ O +31  + 0 +26  + O . 31~  ) - 100  t 23  - 116  50 +19  50 ..qrl +23  
50 - 50  50 .~,n 50 - 50  

+o,++ t +++ t + +  1 + +  +,+=. • + +  ~ +26  +28  -100  "2+  +21  

-160  ± 50 - 120  - 150  ± 50  - 161  - 150  ± 50 - 120  - 150  ~: 60 - 115  - 150  • 50 - 166  - 150  J: 50 - 1 " / 3  

1,00 1.001 1 ,00  1.003 1 .00 ,  1,0O4 1 .00  1 .002 1,00 1,002 1.0O 1.002, 

30 - - -  30 30 - -  - 30 - - -  30 30 

10 - - -  I0  - - -  I0  I0  I0  I0 
N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  N o r m a l  

+30  . . . .  1 . . . .  11 . . . .  26 . . . .  24 . . . .  2"/ 

- - -  +11  . . . .  2 - ' "  +6 . . .  +6  * - *  - 5  . . . .  5 

- - - +31  . .  - +24  - - - +25  - - -  +30  - - - +26  - - - +26  

- - -  +22 . . . .  44 - ' -  - 97  . . . .  "/4 - - -  -56 -74 

1630 - - -  1510 - - -  2060 - - -  1560 - - -  2110 - - -  1920 

O. 060  - - -  O. 987 - - -  0 .  903  - - 7  0 .  983  - - - .  0 .  930  - - -  . 0 , 900  

0 ,980  - - -  0 , 964  - - -  " 0 , 070  - - -  1 . 082  - - -  " 0 , 935  - - -  0 . 9 " / 0  

1. 610  - - -  1. 663 .  - - -  " 1. 604  - - -  1. 928  - - -  1 , 425  - - -  1 , 603  

1 .  887  " ' - -  1 .  099  - - -  1. 979  - - -  3 .  358  . . . . . .  " . . . . . .  " 

~ I r l n g  12A ws~ p r e m a t u r e l y  t e r m i n a t e d  by  t he  
e~g/ne  aa le ty  cu to f f  s y s t e m  because  c~ fuel  
t u r b i n e  overspmmd (29. 750 rpm) .  

~ } E r ~  cutoff  gigns} to  be L,~itiated a t  madn -  
e t age  p r e s s u r e  =Ignal .  

~es i r ed  ~e r~a l  coad i t l on i n~  cou ld  no t  be  
maJ~ ta /ned  because  a r  p rope ] l aa t  l eok .  

rn 

:4 
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TABLE VII 
ENGINE VALVE TIMINGS 

CO 
C~  

Number 
J4-1901-  

12A 

1223 

12(: 

12D 

122 

12F 

Sequence 

Star t  

Star t  Tsnk Discharge  Valve M s ~  Fuel Valve Main Oxidizer  Valve Main Oxidizer  Valve Gas Generalor  G u  Genera tor  Ozidteer  Turbine 
F / r s t  Stage Second Stage Fuel Poppet Oxidizer  Poppet Bypass  Valve 

] 
Time Valve Valve Time Valve Valve Time Valve Valve T/me Valve Valve Time Falve Valve Time Valve Valve Time Valve Valve Time Valve Valve 
of Delay Opening of Delay Clce/ng of Delay ~pealng of Delay Opening of 3slay Dpening of Delay Opening of Delay Opening of Delay Closing 

~q)ealn~ Time, Time. Closing Time.  Time.  Openlr~ Yime, Time, Opening Time. Time, Opening ['/me. Time. Opening Time. T/me.  Openteg Yime, Time,  Closing Time. Time,  
Signal  sec eec S igna l  sec eec Signal  eec see Signal  sec sec SiRnal me<: 8ec S/~Inal eec sec S / ~ I  sec sec S/~mal see eec 

0 .0  0 .150 0.112 0 .448 0 .129  0 .243 -1 .001  0.083 0 .105  0 .448 ) .051 0 .048 0 .448 0 .592 1.780 

0.0  0.135 0.125 0 .440 0.131 0.280 -1.003 0.073 0.108 0 .449 1.050 0.045 0.449 0.505 1.755 

0 .0  0.145 0.130 0 .445 0 .138 0.270 -1.004 0.074 0.113 0.445 ) .050 0.048 0 .445 0.524 1.784 

0 . 0  0 . 1 8 0  0 . 1 2 0  0.  445  0 .  142 0.  265 - I .  002 0. 084 0. I16 0. 445 ;0. 049 0. 040 0. 445 0. 532 I. 766 

0 . 0  0. 139 0.  123 0.  446  0.  135 0 , 2 6 5  -1. 002 0. 068 0, 135 0. 446 0.  050 0. 050 0. 445 0. 567 - - -  

0 .0  0.138 0 .135 0 .44? 0 .136  0 .255 -1 .003  ) .070 0 .120 0 .447 ) .045 0 .053 0 .447  0 . 5 2 4  - - -  

0 .0  0.087 0.098 0.450 0 .130 0.240 -1.002 D. 047 0.108 0.450 0.048 0.042 0.450 0.550 1.710 

0.448 0.104 0.032 0.448 0.184, 0 .080 0.448 0.329 0.290 

0 .449 0.101 0.035 0.449 0.18~ 0.080 0.449 0.216 0 .258 

0 .445 0 . 1 0 8 ;  0.032 0.445 0.181 0.107 0.445 0.258 0. ')88 

0 .445  0 . 1 1 8 !  0 .034 0 .445 0.185 0 .100 0 .445 0 .242 i  0 .300 

0. 446 0. 110 0. 032 0. 446 0. 203 0. I10 0. 446 0. 343 0. 300 

0.447 io.Io8 ; 0 .034 0.447 0.196 0.102 0.447 0.241 0.292 

0. 450 0. 078 0. 037 0. 450 0.141 0. 072 0. 450 0. 204 0. 298 

Shutdown 

F ~  
N ~ b e r  

J4-1901-  

lZA 

122 

12C 

12D 

132 

13F 
j Final 
! S K ~ m c ~  

Main Fuel Valve Main Oxld/zer  Valve Gas Generator  Gas Generator  Oxidizer  T u f e h ~  
Fuel Poppet Oxidizer Poppet Bypass Valve 

Time Valve Valve Time Valve Valve Time Valve Valve Time Valve Valve Time Valve Valve 
of Delay Clo~ing of Delay Clo4in 8 of Delay Clcming of Delay Closing of Delay Opening 

Closing Time. Time. CloaL.sg Time.  Time.  Cloaing T ime .  Time, Closing Time, Time, Opening Time. Time.  
S / p a l  sec  eec S i t e d  sec  see  S/ lnal  see  eec S/gnal s ec  s ~  S/Ivnal se~ see 

12.622 0 . 1 0 4  0 .320 12.522 ) .080 0 .178  15.523 0.058 0 .015 12.522 ) .024 0 .015 12.522 0.334 0 .630 

32.571 0 . 1 1 3 : 0 . 3 8 0  32.571 ) .093 0 .180 32.571 0.073 0 .015 32.571 ) .023 0 .015 32.571 0.253 0.595 

7.583 0.115 0.260 7.583 ).080 0.170 7.583 0.080 0.020 7.583 ).035 0.015 7.583 0.350 0.700 

7.582 0 .109 0 .335 7.582 ) .074 0 .170  7.582 0 .077 0 .022 7.582 ) .035 0 .018 7.582 0 .259 0.702 

1.478 0.130 0 .315 1.478 . . . . . .  1.478 0.081 0 .032 1.478 ) .035 0 .018 1.478 0 .192 0.843 

1.860 0 .110 0.818 1.600 . . . . . .  1.680 0.081 0 .032 1.660 ) .038 0 .018 1.660 0 .190  0 .025 
/ I 

~.050 0.125 4.405 0.063 0.024 4.402 ).007 0.043 4 .405 10.220 0.830 4.405 0.078 0.0225 4.405 
I 

Notes: 1. A u  valve s i l k ,e l  t imes  L re  re fe renced  to t 0. 
2. Va lve delay t i m e  ia the t i m e  r e q u i r e d  f o r  i n i t i a l  va lve movement  a f te r  the va lve "open'* o r  "c losed"  

golenoid has been energ/sed.  
3. ]~l l lal  sequence check is  conducted w~thout p ropa l lan te  and w i t h i n  12 h r  before tes t ing.  
4. Data reduced f r c ~  oeefllogram. 
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A EDC.TR.68-281 

TABLE VIII 
ENGINE PERFORMANCE SUMMARY 

Fir ing  Number  J4-1901 - 

Overall  
Engine 

Pe r fo rmance  

Thrus t  
Chamber  

Pe r fo rmance  

Fuel 
Turbopump 
Performance 

Oxidizer 
Turbopump 
Performance 

Gas 
Genera tor  

Pe r fo rmance  

Thrus t ,  lbf 

Chamber  P r e s s u r e ,  psia  

Mixture Ratio 

Fuel Weight Flow, l b m / s e c  

Oxidizer Weight Flow, i b m / s e c  

Total Weight Flow, l b m / s e c  

Mixture Ratio 

Total  Weight Flow, l b m / s e c  

Charac te r i s t i c  Velocity, f t / s e c  

Pump Efficiency,  percent  

Pump Speed, rpm 

Turbine Eff iciency,  percent  

Turbine P r e s s u r e  Ratio 

Turbine Inlet Tempera tu re ,  °F 

Turbine Weight Flow, l b m / s e c  

Pump Efficiency,  percent  

Pump Speed, rpm 

Turbine Efficiency,  percent  

Turbine P r e s s u r e  Ratio 

Turbine Inlet Tempera tu re ,  °F 

Turbine Weight Flow, l b m / s e c  

Mixture Ratio 

Chamber P r e s s u r e ,  psia  

Site 

225,800 

773.9 

4.798 

90.5 

434.1 

524.6 

4.992 

516.7 

8208 

72.8 

27,640 

6 2 . 5  

7 . 5 7  

1 0 5 2  

7 . 8 6  

81.0 

8662 

54.2 

2.63 

621 

6.74 

0 . 8 5 2  

741.6 

12B 

Normal ized  

222°900 

760.0 

4.813 

88.7 

427.0 

515.7 

5.011 

507.9 

8201 

72.8 

27, 390 

62.3 

7.57 

1035 

7.76 

81.0 

8580 

53.9 

2.63 

610 

6.65 

0.843 

730.1 

Notes: 1. Site data are  calculated f rom tes t  data. 
2. Normal ized  data are  cor rec ted  to s tandard  pump inlet and 

engine ambient p r e s su re  conditions. 
3. Input data are  tes t  data averaged f rom 29 to 30 sec. 
4. Site and normal ized  daEa were computed using the Rocketdyne 

PAST 640 modificat ion zero  computer  program.  
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APPENDIX III 
INSTRUMENTATION 

The instrumentation for AEDC test J4-1901-12 is tabulated in Table 
]I[-1. The location of selected major engine instrumentation is shown 
in Fig. HI-1. 
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A E D C . T  R-68-281  

AEDC 
Code 

ICC Control 

HC Ign;~or. 

EASIOV 

EECL 

EECO 

EES 

EFBVC 

EF PV C / O  

EHCS 

EID 

EIPCS 

EMCS 

E M P - I  

EMP-2 

E OBVC ' 

EOPVC 

EOPVO 

ESTDCS 

R AS]S- 1 

RASIS-2 

RGGS - I 

RGGS-2 

QF-IA 

QF-2 

QF-ISAM 

QFRP 

qo- 1A 

qo-2 

qoR P 

LFVT 

LGGVT 

T-OTBVT 

LOVT 

L P U T O P  

LSTDVT 

TABLE II1-| 
INSTRUMENTATION LIST 

Tap 
P a r a m e t e r  No__u_. R~ge 

Curren t  an'.p 

0 to 30 

0 to 30 

Event  

AJ~men-ed Spark Ignl ter  Ox-dlzer  Valve Open/Closed 

Engine Cutoff Lockin On/Off 

Engme Cutof:" S:gnal On/Off 

Engine Start  Command On/Off 

Fuel H1eed Valve Closed L,.m~" Open/Closed 

Fuel  Preva lve  Closed/Open L1mlt Closed/Open 

H ehum Control Solenoid On/Off 

Ignition Detected On/of f  

Igmclon Phase Control Solenoid On/Off 

Maxn-Stage Control Solenoid On/Off 

Mare-Stage P r e s s u r e  No. 1 On/Off 

Mare-Stage P r e s s u r e  No. 2 O n / o f  

Omdize r  Bleed Valve Closed Lamlt  Open/Closed 

Oxidizer  P r e v a l v e  Closed L lm: :  Closed 

Oxidizer  P r e v a l v e  Open Lnnl t  Open 

Start  Tank Discharge  Control Solenmd On/Off 

Augmented Spark I g m t e r  Spark No. I On/of f  

Augmented Spark I g m t e r  Spark .No. 2 On/Off 

Gas Gene ra to r  Spark No, I On/Off 

Gas Gene ra to r  Spark No, 2 On/Off 

Flows 

Fuel P F F  O to 9000 

~ e l  PFFA 0 to 9000 

Fuel  Flow Stall Approach Monitor 0 to 9000 

Fuel Rec~reul~tien 0 to 160 

Oxidizer  POF 0 to 3000 

Ox;dtzer  POFA 0 to 3000 

Oxidizer  Reclreula t lon 0 to 50 

Position Pe rcen t  Open 

Mare Fuel Valve O to 1O0 

Gas Gene ra to r  Valve 0 to 100 

Omdize r  T u r b m e  Bypass Valve O to 100 

Main Oxidizer  Valve 0 to 100 

Propellant  Utilization Valve 0 to 100 

Star t  Tank Discharge  Valve 0 to 100 

Micro- 
sadie 

Magnetic Oscil lo-  Str ip  X-Y 
Tape graph  Chart  P lo t te r  

X X 

X X 

X X 

X X 

X X X 

X X 

X 

X 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X X 
I 

X X 

X X X 

X 

X 

X 

X 

X X 

X X X 

X X 

X 

X X 

X X X 

X 

X X 

X X 

X X 

X X 

X X 

X X 
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AEDC 
Code 

PAl 

PA2 

PA3 

PC-IP 

PC -3 

PCBO-I 

PCDP 

PCGG-IP 

PCGG-2 

PFBL 

PFJ - 1A 

PFJGG-1A 

PFJGG-2 

PFPC - 1A 

PFPD- 1P 

PFPD-2 

PFPI-1 

PFPI-2 

PFPI-3 

PFPPSD - I 

PERPO 

PFRPR 

PFST-IP 

PFST-2 

PFUT 

PFVI 

PFVL 

PHECMO 

PHEOP 

PHET-1P 

P H E T - 2  

PHRO- 1A 

P O J - 1 A  

P O J - 2  

POJ--~ 

TABLE II1-| 

T a p  

P a r a m e t e r  No_.._~. 

P r e s s u r e  

T e s t  Cell 

T e s t  Cell 

T e s t  Cell 

Th rus t  C~amber  CG1 

T h r u s t  Chamber  CG1A 

Cc~stant  Bleed Or i f ice  

C r o s s o v e r  Duct Pu rge  

Gas G e n e r a t o r  Charnber 

Gas  G e n e r a t o r  Chamber  GGIA 

Fuel  ]~eed Line  

Mare Fuel  Inject ion CF2 

Gas Gene ra to r  Fuel  Injeetzon GF4 

Gas Gene ra to r  Fuel l~]eotlon GF4 

Fuel  Pump Balance l~s ton 
Cawty  PF5 

Fuel  Pump D i s c h a r g e  PF3 

Fuel  Pump D i s c h a r g e  PF2 

Fuel  P u m p  Inlet 

Fuel Pump Inlet  

Fuel P u m p  Inlet 

Fuel  Pump P r i m a r y  Seal 
Dra in  

Fuel  Rec i rcu la t ion  Pump 
Outlet 

Fuel  Rec i reu la t :on  P u m p  
Return  

Fuel Star t  Te.'~, T F I  

Fuel Star t  Tank T F I  

Fuel Ta.,',_'~ Ullage 

Fuel  Tank P r e s s u r i z a t i o n  
Line  Nozzle  Inlet 

Fuel  Tank Preasur iza t~on  
Line Nozzle Throa t  

Pneumat i c  Control Module 
Geflet  

Ox id ize r  Recl rcula t ion  Pump 
P u r g e  

H e h u m  Tank NNI 

Hel lum Tank NN1 

Hel ium Regula tor  Outlet NH2 

Main Oxid izer  In3ectlon CO3 

Main O m d l z e r  Injection CO3A 

Mare Oxid ize r  In3eotlon 

(Continued) 

R ~ e  

0 t o 0 . 5  x 

0 t o  1.0 x 

0 t o S .  0 x 

0 to 1000 x 

0 to 1000 x 

0 to 50 x 

0 to 100 x 

0 to 1000 x 

0 to 1000 x 

0 to 100 x 

0 to 1000 x 

0 to 1000 x 

0 t o  1000 x 

Mxero- Magnet ic  O8c1110- S t r ip  X-Y 
sad ie  Tape ~raph Char t  P lo t t e r  

x x 

0 :o 1000 x 

0 t o  1500 x 

0 t o  1500 x 

0 t o  100 x 

0 t o  100 x 

0 to  200 

0 t o  2 0 0  x 

0 to 60 x 

0 t o  50 x 

0 t o  ; 5 0 0  x 

0 t o  1500 x 

0 to  100 x 

0 to 1000 x 

0 t o  1 0 0 0  x 

0 to  750 x 

0 to  ! 50  x 

0 t o  3500  x 

0 to  3500  x 

0 to  750  x 

0 to  1000 x 

0 to  1000 x 

0 t o  2000  
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A E D C . T  R . 6 8 - 2 8 1  

TABLE II1-1 (Continued) 

AEDC 
Code 

POJGG- 1A 

POJGG- 2 

POPBC- I A 

POPD - 1 P 

POPD-2 

POPI-  I 

POPI-2 

POP]-3 

POPS C - 1A 

PORPO 

PORPR 

P O T I - I A  

POTO--A 

POUT 

POVCC 

POVI 

POVL 

PPUVI-  1A 

PPUVO- IA 

P T C F J P  

PTCP 

P T P P  

~ F P - I P  

NFRP 

N O P -  1P 

NOR P 

T A I  

TA2 

TA3 

TA4 

T A I P - I A  

TAIPAA 

TCDP 

Tap 
P a r a m e t e r  NO___L 

P r e s s u r e  (Conhnued) 

Gas Gene ra to r  O~ad~zer 
Injectzon GO5 

Gas Generator Oxidizer 
Injection GO5 

Oxld~zer Pump Bearing 
Coolant POT 

O]adzzer Pump D-scharge  PO3 

Omdzzer  Pump Discharge  PO2 

Ox-dtzer  Purr.p lr.let 

Oxidlzer  Pump Inlet 

Oxld,.zer Pump Inlet 

Oxldlzer  Pump P r l m a r y  Seal 
Cavity 1)O6 

Omdxzer Recirculat ion Pump 
Outlet 

Ox:dlzer  Rec:rcula t lon Pump 
Return 

Oxidlzer  Turbine  Inlet TO3 

Oxld]zer Turbine  Ou'_let TG4 

Omdlzer  Tank Ullage 

Man'. Ox:dizer Valve C:os~r.g 
Control 

Omdzzer  Tank Pressurizat~.on 
Line -%'ozzle Inlet 

Omdize r  Tank P re s su r i za t i on  
Line Nozzle Throa t  

Propel lant  Utf l izatmn Valve 
Inlet PO8 

Propel lant  Utiliza'.2ou Valve 
Outlet 1)O9 

Thrus t  Chamber  Fuel Jacket  
Purge  

Thrus t  Chamber  Purge  

Turbopump ar.d Gas Ge ne ra to r  
Purge  

Speeds 

Fuel Pump PFV 

Fuel Ree i rcu labon  Pump 

Oxldlzer  Pump POV 

O m di ze r  Beczrculation Pump 

Tempera ' . u re s  

Tes t  Cell (North} 

Test Cen (East) 

Test Cell (South) 

Test Cell  (West) 

Aux i l ia ry  Instrument Package 

Aur.lmz~" Instm.ment Package 
Area Ambzent 

Crossover Duct Purge 

0 :o 1000 

0 to 1000 

0 to 500 

0 to  1500 

0 to  1500 

0 :o 100 

0 to 200 

0 t o  100 

0 t o  50 

0 t o  115 

0 to  100 

0 to 200 

0 t o  100 

0 to  100 

0 to 500 

0 to  "000 

0 t o  1000 

0 t o  1500 

0 t o  500  

0 to  100 

0 t o  1000 

0 t o  250 

0 t o  30,000 

0 to  15,000 

0 to 12,000 

0 t o  15,000 

"F 

-50  to +)~00 

-50 t o  +800 

-50 to +800 

-50 t o  +800 

-300 to +200  

-200 to +500 

-150 to +150 

M i c r o -  Magnetlc 
s a d i e  Tape  

O s c f l l o -  S trap  X - Y  
graph  Chart  P lo t te r  

X 

X 

X 

X 
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AEDC 
Code 

T E C P - 1 P  

TEHAA 

TFASIL-2 

TFASIL-4 

T F B V - I A  

T F D - I  

TFDAA 

T F J - I P  

T F J - 2  

TFPD - I P 

TFPD-2  

T F P I -  1 

TFPI -2  

TFRPO 

TFRPR 

TI; 'RT-I  

T F R T - 3  

T F S T - I P  

TFST-2  

TFTD-2  

TFTD-3  

TFTD-4  

TFTD-8  

T F T O  

TFTSD - 1 

T G G O -IA  and 
2 

TGGVRS 

T H E T - 1 P  

TNCDP 

T OASIL - I 

TOASTr.-2 

TOBS- i 

TOBS-2 

TOBS-2B 

TOBV- I A 

TODAA 

TODS- I 

TODS-2 

TABLE 111-I (Continued) 

Tap 
.~ o......~. Parameter  

T e m p e r a t u r e s  (Continued) 

E lec t r i ca l  Controls Pa--'~age NSTIA 

Engine Handler  Attach Area  
Ambient 

Augmen:ed Sparx I g m t e r  Fuel 
Line Skin 

Augmented Spark I g m t e r  Fuel 
Line Skin 

Fuel ]~eed Valve GFTI  

F~re Detect;on 

Fuel High P r e s s u r e  Duct Area  
Ambzent 

Main l ~ e l  In:ectloo CFT2 

Mam Fuel In3ectzon 

Fuel Pump Dzsc.narge PFT1 

Fuel Pump Discharge  PFT1 

Fuel Pump IDler 

Fuel Pump I r le t  

Fuel Reczrculatzon Pump 
Outlet 

Fuel Reczrculatzon Pump 
Return Line 

l ~ e l  Tank 

Fuel Tank 

Fuel Start  Tank T F T I  

Fuel Start  Tank T F T I  

Fuel Turbine  Dzscharge Duct 

FUel " l~rmne Dmcharge  Duct 

Fuel Turbine Dmcharge  Duct 

Fuel T~.--bmo Discherge  Duct 

Fuel Turbine  Outlet TFT2 

Fuel Turbine Seal Drain Line 

OF 

-300 t o - 2 0 0  

-200 to +500 

- 4 0 0  to  +300 

- 4 2 5  ~o +500 

- 4 2 5  to - 3 7 5  

0 to I000  

-200 to ~500 

-425 to +250 

-450 to +250 

-425 to -400 

-425 to  - 4 0 0  

-425 to  - 4 0 0  

- 6 2 5  to  - 4 0 0  

-425 to -350 

-425 to -250 

-425 to -410 

-425  to -410 

-350 :o +100 

-350 :o +100 

-200 to +1000  

- 2 0 0  to +1000 

- 2 0 0  to +1000 

-22 to -1600  

0 to 1800 

-300 to +100 

M i c r o  - 
BaG: .C  

Gas Genera to r  Outlet GGTI 

Gas Genera to r  Valve Re~.ain - 
zng Screw 

Helium Tank NNTI 

Omdzzer Dome Purge  

Augmented Spark Igni ter  
Oxichzer Line Skin 

Augmented Spark I g m t e r  
Oxidizer  Line Skin 

Ox-dxzer Bootstrap L1r.e 

Oxzdzzer Boots t rap  Line 

Omdize r  Bootstrap Line 

Omchzer  ]~eed Valve GOT2 

Omdzzer  Dome A r e a  Ambient 

Oxidizer  Dome S~in 

Oxidxzer Dome Skin 

0 to 2500 

-100 to - 1 0 0  

-350 to +100 

0 to +300 

-425 to +500 

- 4 0 0  to +300 

-300 to +250 

-300 to +250 

-300 to +250 

-300 to -250 

-200 to +500 

-300 to +I00 

-300 to +100 

Magnetic Osc~llo- Str'.'p X - Y  
Tape graph Chart  P lo t t e r  

X 

X X 
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AEDC 
Code 

T O P S - I A  

TOPD- 1P 

TOPD-2 

TOPI-  I 

TOPI-2 

TOHPO 

TORPR 

TORT - 1 

TC~IT-IR 

TORT-3 

T O T I - I P  

T O T O - I P  

TOVL 

T P I P - I 1  ~ 

TPIPAA 

TSC2-1 

TSC2-12 

TSC2-13 

TSC2 - 1 ? 

TSC2-20  

T S C 2 - 2 4  

TSOVC- 1 

TSTDVAA 

TSTDVDL 

TSTDVOC 

T T C - I P  

TTC - 2 

T T C P  

T T P P  

TABLE I I I - I  (Continued) 

Tap 
No. P a r a m e t e r  

T e m p e r a t u r e s  (Continued) 

Ox:dzzer Pump Bear :ng  Coolar.t POT4 

Oxzdzzer Pump Dzscharge POT3 

Oxidizer l~,m~p Discharge  POT3 

Oxidazer Pump Inlet 

Omdlze r  Pump Inlet 

Omdize r  Recircula~zon Pump 
Outlet 

Omdzzcr Becirct ,  lation Pump 
Return 

Oxidzzer Tank 

Oxzd:zer Tan~ 

Omd/ze r  Tank 

Oxldlzer  Turbine  I r /e t  TGT3 

Omdlzer  Turbine Outlet TGT4 

Oxidizer  Tank Pressurzzatxon 
Line Nozzle Throat  

P r i m a r y  Ins t rument  Package 

P r i m a r y  Ins : rmnent  Package 
A r e a  Su-nbient 

Thrus t  Chamber  Skin 

Thrus t  Chamber  Skin 

Thrus t  Chamber  Skin 

Thrus t  Chamber  S~in 

Thrus t  Chamber  Skin 

Thrus t  Chamber  Skin 

Ox:dtzer  Valve Ac:uator  Cap NST1 

Star t  Tank Discharge  Valve 
A r e a  Ambient  

S tar t  Tank Dzscharge Valve 
D r a m  Line Por t  

S:ar!  Tank Discharge  Valve 
Opening Control Por t  

Th rus t  Chamber  Jacket  
(Controi) CS 1 

Thrus t  Chamber  Jacket CSIA 

Thrus t  Chamber  Purge  

Turbopump Purge  

°F 

-300 to -250 

-300 to -250 

-300 :o -250 

-310 to -270 

-310  to -270 

-300 to -250 

-300 to -140 

-300 to -287 

-300 :o -287 

-300 to -287 

-300 to L200 

0 to 1000 

-300 to +100 

-300 to +200 

- 2 0 0 : 0  +500 

-300 to +500 

-300 to ~600 

-300 to +500 

-300 to +500 

-300 to +500 

-300 to +500 

-325 to +160 

-200 to -500 

-100 to +200 

-300 to +200 

- 4 2 5  to +500 

- 4 2 5  to  +100  

- 3 4 6  to  - 5 0 4  

- 1 6 0  to  T150 

Mzc."o- Magnetzc Oscil lo-  Strip X-Y 
sadze Tape graph Char t  P lo t te r  
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TABLE III-I (Concluded) 

AEDC 
Code 

UASIF - 1 

UASIV- 1 

UASIV-3 

UFPR 

UMFV - I 

UMFV-3 

UOPR 

UOTBV-1 

UTCD - i 

UTCD-2 

UTCD-3 

UTCD -4 

UIVBC 

UZVBC 

U3VSC 

VCB 

VIB 

VIDA 

VFUTEP 

P a r a m e t e r  

V~bratlons 

Augmented  Spark  Igmte r  Fue l  
Or i f i ce  ]~ock Tangen t i a l  

Augmented  Spark  I g m t e r  
Omdlze r  Va.lve Areal  

Augmented  Spark  Ign i t e r  
Omdlze r  Valve Tangen t i a l  

Fue l  Pump  Radial  90 deg 

Main Fue.1 Valve Radial 

Maln Fuel  Valve Tangen t i a l  

Omdize r  P u m p  Radia l  90 deg 

Oxid ize r  Turb ine  B y p a s s  Valve 
Axlal  

T h r u s t  C h a m b e r  Dome 

T h r u s t  C h a m b e r  Dome 

T h r u s t  C h a m b e r  Dome 

T h r u s t  C h a m b e r  Dome 

No. I Vibra t ion  Safety Counts  

No. 2 V~brat lon Safety  Co.mts 

No. 3 Vibra t ion  Safety  Counts  

Voltage 

Con~ro! Bus 

Igmt ion  Bus 

Igmt ion  Detect  Ampl i f i e r  

P rope l l an t  t ' t11:zatlo~ Valve 
Excitation 

Tap  
No. l 

±150 

:t:150 

-I-150 

+300 

+150 

+150 

±200 

±150 

+500 

+500 

1500 

±1000 

On/Off  

On/Off  

On/Off  

vol ts  

"0 to 36 

0 to 36 

9 t o  16 

O t o 8  

M i c r o -  
s ad ie  

M a g n e t s  Osci1:o-  S t r lp  X-Y 
g r a p h  Char t  P l o t t e r  
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APPENDIX IV 
METHOD OF CALCULATIONS (PERFORMANCE PROGRAM) 

TABLE IV-1 
PERFORMANCE PROGRAM DATA INPUTS 

I t em 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

P a r a m e t e r  

T h r u s t  Chamber  ( In jec tor  Face) P r e s s u r e ,  ps ia  

T h r u s t  Chamber  Fuel  and Oxid ize r  In jec t ion  P r e s s u r e s ,  
ps ia  

Th rus t  Chamber  Fuel  In jec t ion  T e m p e r a t u r e ,  °F 

Fuel  and Oxidizer  F lowmete r  Speeds,  Hz 

Fuel  and Oxidizer  Engine Inlet  P r e s s u r e s ,  ps ia  

Fuel  and Oxid izer  Pump Discha rge  P r e s s u r e s ,  ps ia  

Fuel  and Oxid ize r  Engine Inlet  T e m p e r a t u r e s ,  °F 

Fuel  and Oxidizer  (Main Valves) T e m p e r a t u r e s ,  OF 

P rope l l an t  Ut i l iza t ion Valve Cen te r  Tap Voltage,  vol ts  

P rope l l an t  Ut i l iza t ion Valve Pos i t ion ,  vol ts  

Fuel  and Oxidizer  Pump Speeds,  rpm 

Gas G e n e r a t o r  Chamber  P r e s s u r e ,  ps ia  

Gas G e n e r a t o r  (Boots t rap  Line  at Bleed Valve) 
T e m p e r a t u r e .  °F 

Fuel~ and Oxidizer  Turb ine  Inle t  P r e s s u r e ,  ps ia  

Oxid izer  Turb ine  Discha rge  P r e s s u r e ,  ps ia  

Fuel  and Oxidizer  Turb ine  Inlet  T e m p e r a t u r e ,  eF 

Oxidizer  Turb ine  Discha rge  T e m p e r a t u r e .  OF 

SAt AEDC, fuel tu rb ine  inle t  p r e s s u r e  is ca lcu la ted  f rom 
gas g e n e r a t o r  chambe r  p r e s s u r e .  
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NOMENCLATURE 

A 

B 

C 

C* 

D 

F 

H 

h 

I 

M 

N 

P 

Q 

R 

r 

T 

TC~ 

W 

Z 

e 

P 

A r e a ,  in. 2 

H o r s e p o w e r  

Coef f ic ien t  

C h a r a c t e r i s t i c  ve loc i ty ,  f t / s e c  

D i a m e t e r ,  in. 

T h r u s t ,  lbf 

Head,  ft 

Entha lpy ,  B t u / l b m  

I m p u l s e  

M o l e c u l a r  weight  

Speed,  r p m  

P r e s s u r e ,  p s i a  

Flow r a t e ,  gpm 

R e s i s t a n c e ,  s e c 2 / f t 3 - i n .  2 

Mix tu re  r a t io ,  O / F  

T e m p e r a t u r e ,  °F 

T h e o r e t i c a l  c h a r a c t e r i s t i c  ve loc i ty ,  f t / s e c  

Weight flow, l b / s e c  

Di f f e ren t i a l  p r e s s u r e ,  ps i  

Rat io  

Rat io  of spec i f ic  hea t s  

E f f i c i enc i e s  

D e g r e e s  

Dens i ty ,  l b / f t  3 

SUBSCRIPTS 

A 

AA 

B 

Ambien t  

Ambien t  at t h r u s t  c h a m b e r  exit  

Bypass  nozz le  
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BIR 

BNI 

C 

CF 

CO 

CV 

E 

E F  

EM 

EO 

EV 

e 

e m  

F 

FM 

FV 

f 

G 

GF  

GO 

HI  

H1R 

H2R 

I F  

IO 

I T F  

ITO 

N 

NB 

B y p a s s  

B y p a s s  

T h r u s t  

T h r u s t  fuel  

T h r u s t  o x i d i z e r  

T h r u s t  v a c u u m  

E n g i n e  

E n g i n e  fuel  

E n g i n e  m e a s u r e d  

E n g i n e  o x i d i z e r  

Eng ine ,  v a c u u m  

Exi t  

Ex i t  m e a s u r e d  

T h r u s t  

F u e l  m e a s u r e d  

T h r u s t ,  v a c u u m  

F u e l  

Gas  g e n e r a t o r  

Gas  g e n e r a t o r  fuel  

Gas  g e n e r a t o r  o x i d i z e r  

Hot gas  duct  No. 

Hot gas duct  No. 

Hot gas  duct  No. 

In l e t  fuel  

I n l e t  o x i d i z e r  

Isentropic  t u r b i n e  fuel  

I s e n t r o p i c  t u r b i n e  o x i d i z e r  

Nozz le  

Bypass  noz z l e  (throat) 

nozzle inlet (Rankine) 

nozzle inlet (total) 

chamber 

chamber, 

chamber. 

chamber, 

1 

1 (Rankine) 

2 (Rankine) 
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NV 

O 

OC 

OF 

OFIS 

OM 

OO 

PF 

PO 

PUVO 

RNC 

SC 

SCV 

SE 

SEV 

T 

TEF 

TEFS 

TF 

TIF 

TIFM 

TIFS 

TIO 

TO 

t 

V 

V 

XF 

XO 

Nozzle, vacuum 

Oxidizer 

Oxidizer pump calculated 

Outlet fuel pump 

Outlet fuel pump isentropic 

Oxidizer measured 

Oxidizer outlet 

Pump fuel 

Pump oxidizer 

Propellant utilization valve oxidizer 

Ratio bypass nozzle, crRicat 

Specific, thrust chamber 

Specific thrust chamber, vacuum 

Specific, engine 

Specific, engine vacuum 

Total 

Turbine exit fuel 

Turbine exit fuel (static) 

Fuel turbine 

Turbine inlet fuel (total) 

Turbine inlet, fuel, measured 

Turbine inlet fuel isentropic 

Turbine inlet oxidizer 

Turbine oxidizer 

Throat 

Vacuum 

Valve 

Fuel tank repressurant 

Oxidizer tank repressurant 
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PERFORMAHCE PROGRAM EQUATIOHS 

THRUST 

T h r u s t  C h a m b e r ,  V a c u u m  

F c v  = C(Pc - 15) = + B(Pc - 15) + A 

w h e r e :  Pc = Measured Chamber Pressure 

A = -6762.8867 

B = 288.0039 

C ffi 0.0180 

E m p i r i c a l  D e t e r m i n a t i o n  f r o m  C u r v e  F i t  o f  T h r u s t  

v e r s u s  P C  

T h r u s t  C h a m b e r  
Fc  = FCV - PAA Ae 

Ae = Aem + 12.8 

PAA = Measured Cell Pressure 

E n g i n e ,  V a c u u m  

E n g i n e  

MIXTURE RATIO 

E n g i n e  

T h r u s t  C h a m b e r  

FEV = FCV 

FE = FC 

WEO 
r E = 

WEF 

WEo = WOM - WXO 

WEF = WFM - WxF 

r c  = Wc._._Qo 
WCF 

WCO = WOM - Wxo - Woo 

WCF = WFM - WXF - WGF 

WXO = Standard 0.9 lb/sec 

WXF = Standard 2.1' ib/sec 

1 0 1  
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WGo = WT - WGF 

WGF ffi WT 
1 +r G 

PTIF ATIF K./ WT ffi 
TC*TI F 

K7 = 32.174 

N o r m a l i z e d  e n g i n e  a n d  t h r u s t  c h a m b e r  v a c u u m  d a t a  
c a l c u l a t e d  a s  m e a s u r e d ,  e x c e p t  a l l  f l o w s  a r e  n o r m a l -  
i z e d  u s i n g  s t a n d a r d  i n l e t  p r e s s u r e s ,  t e m p e r a t u r e s ,  a n d  
d e n s i t i e s  l i s t e d  b e l o w :  

PIO STD = 39 psia 

PIF STD = 30 psia 

PlO STD = 70.79 Ib/ft s 

PlF STD = 4.40 Ib/ft a 

TIO STD = -295.2°F 

TIF STD = 422.5°F 

SPECIFIC IMPULSE 

E n g i n e  F~ 
[SE = WE 

WE = WEO + WEF 

E n g i n e ,  V a c u u m  

FEV 
Is£v = W E ~  

WEV = WE Normalized using standard inlet pressures, 

temperatures,' and densities 

C h a m b e r  Fc 
Isc  = Wc 

C h a m b e r ,  V a c u u m  

WCV = WC 

WC = WCO + WCF 

[SCV = Fcv 
WCV 

Normalized using standard inlet pressures, 
temperatures, and densities 
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CHARACTERISTIC VELOCITY 

T h r u s t  C h a m b e r  
C* = K7 Pc At 

WC 

K7 ffi 32.174 

T h r u s t  C h a m b e r ,  Vacuum 

C'v= K7 PCV At 

Wcv 

K 7 : 32.174 

N o z z l e  

N o z z l e ,  V a c u u m  

C*N = c__:__, 
K6 

K 6 = 1.086 

c~ 
C~v : z--V 

K 6 = 1.086 

THRUST COEFFICIENT 

E n g i n e  
Fc 

CF : P c A t  

E n g i n e ,  V a c u u m  

DEVELOPED PUMP HEAD 

FCv 
CFV - p e a t  

O x i d i z e r  

F u e l  

(Poo P,o  
Ho ffi K4 \ P o o  Plo/ 

K 4 = 144 

p = National Bureau of S t a n d a r d s  V a l u e s  f ( P , T )  

HF ffi 778.16 AhoFIS 

Ahogls = hOFIS - hIF 

hOFiS = f(P,T) 

hlr - -  f(P,T) 
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F u e l  and O x i d i z e r  V a c u u m  

C o n d i t i o n s  n o r m a l i z e d  u s ing  s t a n d a r d  i n l e t  p r e s s u r e s ,  
t e m p e r a t u r e s ,  and d e n s i t i e s .  

PUMP EFFICIEHCIE$ 

Fue l ,  I s e n t r o p i c  

~F = 
hOFIS- hlF 

hOF - hlF 

Oxid i ze r ,  I s e n t r o p i c  
A 

70 = ~oc YO 

hOF = f(PoF,  TOF) 

Yo : 1.000 

K4o --- -5.053 Ks 0 = 3.861 K~o : 0.0733 

TURBIHE$ 

O x i d i z e r ,  E f f i c i e n c y  

BT0 
~TO = BITO 

BTO = Ks Wpo HO 
17o 

Ks = 0 .001818 

WPO = WOM + W PUVO 

ZPuvo  POO WPUVO ='V 

ZPuvo = A + B (Poo) 
A = -1597 
B ffi 2 .3818 

if Poo >_ i010 

set POO = I010 

~n R~ ffi A + B (0PUVO) + C(0PUVO) s + D (e) 
0PUVO [ ____..L_vo] 2 0pu 

+ E O P u v o  (e) 7 + F (e) 7 

0 p u v o  
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A = 5.566 x 10 -l 

B = 1.500 x 10 -2 

C = 7.941 x I0 -~ 

D = 1.234 

E =-7.255 x 10 -2 

F = 5.069 x 10 -2 

F u e l ,  E f f i c i e n c y  

BTF 
Z/TF = BITF 

, BITF -- KlO AhF W T 

AhF = hTIF - hTEF 

BTF = BPF = Ks ~Wp Fr/FHF~] 

WpF ffi WFM 

Kto = 1.415 

K s ffi 0.001818 

O x i d i z e r ,  D e v e l o p e d  H o r s e p o w e r  

BTO ffi BPO 

Ks = 0.001818 

Fuel, Developed Horsepower 

BTF-- BPF 

BPF = Ks I WP~" ~F H F)  

WPF = WFM "-" 

Fuel, Weight Flow 

WT F = WT 

WTO = WT - WB 

~.2K? YH2 
WB = j~-~H~_ ~ 

PRNC = f (~N~,YH2) 

~NB = DNB/DB 

A E D C.T R.68-281 

ANB PBN! 

(i~H2 TBIR) 
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, rc) YH2 MH2 = f (TH2B,,  

ANB = K I s  (DNB) 2 

K 13 = 0.7854 

TBIR = TTIO + 460 

PBNI = PTEFS 

PTEFS = Iteration of PTEF 
. FH2' P'rEFfPTEFS[I+K8( PTEFS WI" ): I)4TF F TiI2R '1112 ()'H2 - II I )'H2"- 1 FH, 

Ks --' 38.90 
• . # 

." . vp • 

GAS GENERATOR 

e i ' ! "  

Mixture Ratio 

rC = D I (THI): + C l (THI) 2 + B I (THI) + Al 

A I = 0.2575 

B I = 5.586. x 10- 4 

C = -5.332 x 10 -9 
l 

D l = 1.1312 x 10 "11 

THI = TTIFM 

[ "  %,, 

F l o w s  

TC*TIF = D 2(TH1)  s + C:(THI) 2 + B:(THI) + A: 

A:  =:4.4226 x I0 s ) 

' 9267 "'" B: 3 

C: = -1.3790 x 10-s .~.. 

D: = 2.6212 x I0~7" 

II + Ks(. WT.~ 2 WHIR 
PTIF = PTIFS ~P-P'~IFS/ D'TIF MHI 

K s = 38.8983 

N o t e :  PTIF is determined by iteration. 

THIR = TTIFM + 460 

MH1, YHI, Cp, rHI = f (THIR. rG) 

II 
~Hl 

YH~ _- YHI--I 

YH 1 

t 
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